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The  s>  nt  ht.'sis  of  spin;  joined  n  >  I  n  ic yi -lol  >11 1 ;  1 1  n  s  was  i  1 1  v< -si  ii';at  ed. 
helene  dimerization  of  3~innt.hy  lenet  ye  lobu  tain  •<  •:  i  r|  ><  >x  y  I  ir  acid,  followed  b  y 
i  i/on i/.atic >ri  nave  I  0 -I ol raoxi ’[  3.  I .3.  I  [ c i <  ‘cane.  i  hloririal.mn  ol'  I  Ik- 

t.otr.aoxime  and  rodur  live  d  lormat  i<  in  gave  1  (l-».ot.rariit.r< •dispiro- 

I  a.  i  .3.  1  |derane. 

i’root'KS  improvements  in  I  ho  synthesis  of  1 ,3,3.  t  rmit  rnazi'l  idine  (TNA/.) 
worn  studied.  Yields  of  I  - t-lmt.y  1-3-hy drox y azet idim •  from  t-buly  lamirie  and 
epiehioruhydrin  wore  inci  eased  to  (>'.)%  by  nmdctismi'  the  run  ifenl.s  in  hexani 
and  eycliz.ing  in  acetonitrile.  I'im  crude  mesylate  was  purified  bv  tritura¬ 
tion  with  ether.  The  yield  of  the  nit  idle  displacement  to  yive  1- i-  bulyl-3-< 
nit.roazetidine  was  increased  to  55-(>f>%  by  usine  a  two  phase  (water,  hivnn 
113)  medium.  !•-  I- Hut  y  1-3, .’ i-din  it  roa/.el.id  ine,  obtained  b  v  the  persulfate 
oxidative  nitration,  was  mtrolyzed  with  nitric  :v  id  and  trifluoroacetie  acid 
in  methylene  chloride  to  icive  TNA/.  in  i);> yieid. 

Work  was  continued  op  ei*eo_«>..h3»ituf:;d  fluoriaated  monou..,,  ■■>. 

React  .ions  ol  ,i,.-  <  I  iiodi  iper  f  lu<  iroalkanos  with  rile  Imic,  followed  bv  nitidle 
displacement.  c  I  tie  aaw-diniLro  compounds, 

O2N-OH2OH2  ( < '  l-2  )n<  11 1*(  ■  1 1 2 — N  ( >2,  wliere  n  -  4,  (I,  8.  bear  lions  of  the 
nili’onate  salts  (n  -  4,  (i)  with  tetranil  romel  liane  ijava:  the  letranilro 
compounds,  (Ni’bbiC’HOIbd.’hdlnb’lbOHtNOi).,  w’nicti  reacted  with  formal¬ 
dehyde  and  melhyJ  wvy dab?,  respectively ,  lo  i/ive  I  tic  Hints, 
II0CHi(.:(N02)2CH2(CK2)nCH2r{N02)2CH201I,  and  esters, 

Me0200H2CH2-0(N<J2)2CH2(0J«2)i.(ni2('(NO2)2-C-ll2(':il2i;,t isMo.  Reac I  ions  of 
the  a,u-dinit.ro  compounds,  OiN-CIlaClhiC'FalnClIjC’lb-NOz,  with  methyl 
acrylate  yfave  the  diadducts  or  telra-uddurts,  depending  on  conditions. 

Work  reported  in  previous  interim  reports  is  summarized  briefly. 
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I.  INTRODUCTION 


This  Finn)  Report  Kiiimmr’i'/.rs  the  nisoin: h  that,  has  boon  conducted 
under  Contract.  N00014-78-C-0147  during  the  period  I  January  1978  through 
31  December  1987,  Detailed  experimental  procedures  and  discussion  are 
included  for  the  work  performed  from  1  January  1987  through  31  December 
1987.  The  earlier  work  has  been  detailed  in  the  following  interim  Reports: 
Pluoroehom  Report  ONR-2-1,  1  January  1978  through  28  February  1979. 
Fluoroehem  Report.  ONR-2-2,  1  March  1979  through  29  February  1980. 

Fluoroehem  Report  ONR-2-3,  l  March  1980  through  31  December  1980. 

Fluoroehem  Report  ONR-2-4,  1  January  1981  through  31  December  1981. 
Fluoroehem  Report  ONR-2-5,  I  January  1982  through  31  December  1982. 

Fluoroehem  Report  ONR-2-6,  1  January  198.8  through  31  December  1983. 

Fluoroehem  Report  ONR-2-7,  )  January  1984  through  31  Dee.ember  1984. 

Fluorocliem  Report  ONR-2-8,  1  January  1985  through  31  December  1985. 

Fluoroehem  Report  ONR-2-9,  1  January  1986  through  31  December  1986. 

The;  following  publication;;  in  technical  journals  have  been  prepared 
under  this  contract: 

Baum,  K.;  berdal,  I). A.;  Horn,  J.S.  J.  Org.  Chum.  1978,  43,  20.8. 

"Synthesis  of  Organosilancs  and  Polysiloxanes  with  Nitro  and  Fluoro 
Substituents." 

Lerdal,  D.A.;  Baum,  K.  J.  O  rgu  n  u  m  a  tall  it:  Cham.  1978,  1.5.9,  251. 

"Synthesis  of  B is ( 3, 3- dinitro butyl) polysiloxanes." 

Baum,  K.;  Cues!.,  A.M.  Synthesis  1979,  .3 II.  "Michael  Reaction  of 
Mothyleiionialotial.es  with  Nitro  Compounds." 

Berkowitz,  P.T.;  Baum,  K.  J.  Org.  ('ham.  1980,  45,  4853.  "Reactions  of 

2- Fluoro-2-nil.ro- 1 ,3-propanediol.  Trifluoromethunesulfonates  and 

3- Fluoro-3-Nit  rooxotano." 

BorkowPz,  P.T.;  Baum,  K.  J.  Org.  Cham.  1981,  46',  3816.  "Reactions  of 
2  -  Fluoro -2  -Ni  t  ro- 1 ,3  -  pro  pa  tied  iol.  p-Tol  uencsulfonal.es." 


1 


Baum,  K.;  Borkowitz,  P.T.;  (Jrakauskan,  V.;  Archibald,  T.G.  .).  O  rg. 

Chan.  1983,  48,  2953.  "Synthesis  of  Kleet  rori- Deficient  Oxetanes. 

3-Azidooxetane,  3-Nitrooxetano,  and  3,3- Pinitrooxotane." 

Tiie  following  manuscripts  have  been  completed  and  are  being  submilled: 

Archibald,  '1'.  G.,‘  Baiun,  K.  "Synthesis  or  Polynitroadamantanes. 

Oxidations  of  Oxirninoadamantanes." 

Archibald,  'f.  G.;  Baum,  K.;  Gilardi,  It.;  George,  G.  "Synthesis  arid  X- 
ray  Crystal  Structure  of  l ,3,3-Trinitro-Substituted  Azetidino." 

The  initial  emphasis  of  the  research  was  on  the  development  of  long- 
chain  energetic  diols  for  propellant  applications.  The  chemistry  of  nitro- 
oxolanes  was  pioneered  to  provide  monomers  that  could  be  converted  !.o 
hydroxy-terminated  oligomers  (Report  ONR-2-1).  A  practical  synthesis  of 
2-f'luoro-2-nit  ropr<  iparied  iol  was  developed,  and  it  was  found  that,  the 
monotriflate  could  be  eyelized  to  the  oxetane,  although  similar  riori-fluorina- 
ted  nitro  compounds  underwent,  deforrnylatiori.  A  convenient  synthesis  of  I  - 
f  luoronitroethylone  was  found  (Reports  ONR-2-2  and  ONR-2-3).  The 
polymerization  of  fluorodinit.roethyl  glvcidyl  was  studied  (Reports  ONR-2-2 
and  ONR-2-3).  2,2-Dinitroo;:etane  (Reports  ONR-2-2  and  ONR-2-3)  was 
synthesized  from  epichlorohydrin  by  the  addition  of  acetic  acid,  blocking 
the  alcohol  as  an  acetal,  cyclization  and  hydrolysis  to  give  3-hydroxy- 
oxetane,  displacement  of  the  toaylatc  with  azide,  reduction  to  the  amine, 
oxidation  and  oxidative  nitration.  Polymers  of  2,2-dinitrooxotane  (Report 
ONR-2-4)  were  too  high-melting  for  propellant  applications,  but  potentially 
useful  oligomers  w#vo  obtained  fi'om  the  intermediate,  3-azidooxetane. 

The  program  was  subsequently  reoriented  to  the  synthesis  of  new 
high-density  explosives.  Procedures  developed  for  the  conversion  of  2- 
adarriari  farionc  to  2,2-dinitroadamaritarie  (Report.  ONR-2-4)  were  used  to 
synthesize  2,2,G,f>-tetranitroadamantane  and  bicyclononane  derivatives 


(Report  ONR-2-5),  but  2,2,4,4~tetranitroadainan*ano  could  not  be  prepared 
(Report.  ONR-2-6).  Tlu;  First  .synthesis  of  1  ,3,3-Lrinitroazotid  ine  was 
accomplished  by  the  addition  of  t-butylamino  to  epiehlorohydrin  to  give  !-i- 
butyl-3-hydroxyazetidine,  nitrite  displacement  of  the  corresponding  methane- 
sulfonate,  and  nitrolysis  of  the  t-butyl  group  (Report,  0NR-2-G).  4, 4,8,8- 

Tetranit  robieyclol  3.3.0 1-2,8-dioxaoetane  was  synthesized  from  4,8-di-p- 
tosy latobicyclol 3.3.0  |-2,6-dioxaoctane  (Report  ONR-2-7).  1, 1 ,4,4-Totranitro- 

cyclobut.ane  was  synthesized  by  a  route  involving  the  oxidation  of  1,4- 
diaminoeyelobutane  and  oxidative  nitration  (Report  ONR-2-8). 

Another  aspect  of  the-  program  involves  t.he  preparation  of  ni1.ro- 
substituted  fluorocarbons  for  use  as  pyrotechnic  binder  ingredients.  The 
initial  approach  of  adding  nitronato  salts  to  3,3-difluoroacrylates  arid  2,2- 
difluorovinyl  gave  0-  rather  than  C-  nitronato  adducts;  reactions  of  lithium 
2-riitropropane- 1 ,3-diol  aootordde  with  perfluoronJkyJ  iodides  gave  the  2- 
perfluoroalkyl-2-nitropropane- 1 ,3-diol  derivatives  (Report  ONR-2-8). 
Nii.rai.ion  oi  tec  OAi'mes  of  ti  ifluo<  ometuy  I  ketones  gave  the  ge/n-di  nitre 
derivatives.  Reactions  of  a,w-diiodoperf luoroalkanes  with  ethylene,  followed 
by  nitrite  displacement  gave;  the  a,u>-  bis(iodoel  hyl)  derivatives  (Report 
ONR-2-9). 

The  work  perfor ni(;d  during  the  final  contract  year  includes  studies 
aimed  at  improved  routes  to  l,  1 ,3,3-tet.ran it.roeyclobu tane  and  nitro-sub- 
stitut.ed  four-membered  ring  compounds  with  spiro  junctions.  Proc:ess 
studies  for  the  scale-up  of  the  preparation  of  1 ,3,3-trinitroazetidine  were 
carried  out.  Work  on  the  preparation  of  riitro-substil.uted  fluorocarbons  was 


also  continued. 


II.  POLYNITROCYCLOBUTANES 

A.  Discussion 

1,1,3,3-Tetranitroc.yclobutano.  In  the  preceding  Interim  licporl,1  t  In 
first  synthesis  of  1 , 1 ,3,3-tetranit.roe vclobutane  (TNCB)  was  de.se. r i bed .  1,3- 
Diaiuinocyelobutnnr,  prepared  by  a  multi-step  route,  was  oxidized  with  in¬ 
ch  loroper  ben  zoic  acid  to  give  1 ,3~dinit.rocyclobutane,  which  was  converted 
to  TNOB  by  oxid.alive  rut  rat  ion.  To  enable  the  preparation  of  multi- Tram 
samples  for  testing  of  this  potentially  useful  explosive,  an  investigation  of 
alternate  synthesis  procedures  was  initiated. 

A  readily  available  potential  starting  material,  traris-2,4-d  iphetiy  l- 1 ,3- 
d iri itrocyelobut.ane,  is  prepared  by  the  photodimerization  of  0- nitrosty rcinc.2 
Oxidative  nitration  and  oxidative  depheny lation  would  give  TNOB  directly. 

(NOa  ),• 

HCNO.i  0 

/  \  /  \ 

<3,  H-  Oil  OH -NO.:  >  Cells  -CH  CI1G; Hs  - >  Calls  CH  CH  C.s  H-,  — ->  TNCU 

\  /  \  / 

HCNOc  C 

(  NO;;  ),- 

Efforts  to  effect  the  oxidaf've  nitration  of  t/vms-2,4-diphenyl-l  ,3- 
d i nitron .vclobutane  were-  unsuccessful,  (lerieratiori  of  the  nilronat.e  salt  with 
methanolie  sodium  methoxide  at  20  “0  or  n-hut.yl  lithium  at.  -f>0  °0  followed 
by  reaction  with  tel.ranitroincthane  resulted  in  decomposition.  Similar 
results  were  obtained  in  oxidative  nitrations  using  aqueous  for r ioyanide- 
persulfate  or  silver  nitrate  as  the  oxidant,  or  the  diriitronate  salt  generated 


with  butv]  lithium  or  potassium  t-butoxide  as  the  substrate. 


I '  nsurressfnl  attempts  w  ere  made  to  oxidize  Idle  phenyl  H'roups  id 
( ra  ns- 2,4  -  d i  pile r i  \  I  -  I  ,3-  d  i ni t  roe y c iobut  ane  to  ear boxy  j*  mu  ps  usi ri  1;  ni l.he n  i  mn 
tetroxide/sod in m  hypochlorite  m  aqueous  carbon  tetrachloride. J  boss  of 

aliphalie  t'-ll  eesonanees  in  the  Ml  NMR  suntfest <  (1  eyelobutarie  rinjj 
chlorination.  lose  of  hydrogen  peroxide  in  trifluoroacetic  and1  or  ozone  on 
silica  i'elr-  afforded  only  isomerizcd  stnrtinq  material.  Attempts  to  prepare 
I  ,3-dibrom<  >-  1  ,8~di  nit.n  >-2,4-diphetiy  Icy  c  lot)  u  tune  by  bromi  nation  y  a  v  e  the 
eli  mi  rial  ion  proitue! ,  3-bromo-  I ,  Inn  is  -  3-d  i  nit  ro-2,  trims-  <1-  <Jiphen.vley r.lo 

butene.*' 

An  alternate  strategy  to  TNK'H  tiased  on  the  1,3-dipolar  addition  of 
electrophile**  to  bicyclobutanes  was  in  ventilated  subsequently.  Bicyelo- 
|  1 .  1  .0  | bu I ane7,s,!*  was  prepared  by  oxidation  of  eyelopropy  learbiriol  to  eyelo¬ 
propy  Irarboxaldehyde  with  eerric  ammonium  nitrate10  and  thermolysis  of  the 
corresponding  tosy i  hydrazone.  Reaction  of  hicyclohuiane  with  dinilro/'ori 
t.etro.xide  at  -50  or  -78  “C  did  not  tfive  1 ,3-dinitrocyclobutano.  Subsequent.  - 
ly,  1 ,8 -diiodoe yelobutarie9,  obtained  by  iodine  addition  to  bioyelo[  1 . 1 .0  J- 
butane,  was  subjected  to  azide  displacement  to  Lfive  l ,3-diazidocyclobiitane, 
characterized  by  IR  and  NMR  spectra.  Hydrogenation  of  this  diazide  (78 
li,  55  psi  i 1 2  pressure)  appeared  to  rfivo  the  diamine,  but  only  in  very  low 
yield,  and  oxidation  of  1  he  crude  material  with  m  -ehloroperbenzoic  acid  diet 
not  q'ive  1 ,3-dinitroeyrlobutane.  Reaction  of  the  diazide  with  tributyl- 
phosphine  afforded  the  bis-phosphirie  imirie",  but  low  temperature  ozono- 
lyse.s  did  not  .^ive  1 ,3-dinitrocyclobutarie. 

A  recent  report12  that  diriitrotfen  tetroxide  adds  across  methyl  1- 
t  ricycloj  4. 1 .0.O2*7  Iheptanecarboxylate  prompted  us  to  investigate  the  addition 
of  dinitroip-ri  tetroxide  to  ethyl  hieyclol  1 .  1 .0  |  butane-  I -car  boxy  late.  Ari 


alternate  rouli'  to  I  his  starling  mat  erial  inure  suitable  to  scale  up  I  nan  I  hr 
literature  method1  was  used.  Allene  eyeloaddition  with  acrylonitrile"  v,as 
used  to  prepare  3-met  hylenee yelobu Lane  eat'homi  rile,  arid  nitr  ile  hydrolysis 
gave  3-niet  h y  lenee  v e lobut anecar  boxy  1  ie  acid . 1 1  S u  bse<| lien L  esteril  iention 
afforded  ethyl  3-- met  hy  leneryclobularieearboxy  laLe.“  <  >.\  idol  i  ■  i  •  removal  of 
the  exo-meth  y  lean  has  been  reported  using  either  ozone13  (87-90%)  or 
osmium  1  etroxide/ prriiniiilo  (74%). 14 

how  temporal  urr  (0  ”0)  sodium  borohy  dride  reduction  ol  the  ketone 
gave  ethyl  3-hydroxyoyelobutane-l-oarboxylato.  Conversion  of  the  alcohol 
to  t  tie  bromide  by  tosylation  and  subsenuent  bromide  displacement  was 
reported.9  list*  of  tlx.*  mesylate  instead  of  tlx;  tony  late  resulted  in  improved 
reaction  time  (3  hours  vs  2  days)  and  yield  (94-99%  overall  vs  39-40%). 
bthvl  bieyclof  1 . 1 .0 Ibnt.ano-l -carboxylate  was  prepared  from  the  bromoester 
by  the  reported  procedure9,  but  the  method  gave  erratic  results.  It  was 
found  that  the  addition  of  5  inole-%  of  t-but.yl  alcohol  led  to  an  85% 
isolated  yield  of  ethyl  bieyclof  1 . 1 .0  (butane-  1  -carboxy  late. 

OIL  CH  CN  NaOH  CH.  Cib  CO*  H 

:•!!.•  <:  on  •  t  on,'  -cii  cn  *  :  i  •  >  :  i 
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CIO  CH  CO.-  K 1  Hr'  CH*  CH  C0*L\t  Nall  CH*  -C C0,;  K  L 

I  ;  -  :■  I  :  - >  I  X  1 

MeSOi  CH-  CI1.:  Mr  CH-  CH*  CH  CH* 

Reaction  of  ethyl  bioyc:lo|  1 . 1 .0  Ibutarie-  1  -carboxy  late  with  dinitrogen 
l.rtmxide  by  the  procedure  reported  for  another  bicyelobutane  derivative12 
produced  ethyl  1 ,3-d  i  n  i  f  rocyclobu  lane  I  -<  a  r  box  y  la  I  e  in  30-40%  yield,  as  a 
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mixture  of  cis/l  rntis  isomers.  One  isomer  was  an  oil,  and  the  other  was  a 
solid  which  was  reerysl.allized  from  ether-hexane  after-  column  chromatog¬ 
raphy.  Oxichilive  nitration  of  the  isornerie  mixture  at  f>  "O  in  aqueous  'I' I  IK 
using  Kaplan-Sheeh ter  conditions  afforded  TNOB  in  ) 0-22%  yields.  A  total 
of  Kt.fi  g  of  TNJOB  was  prepared  by  this  method.  Using  methyl  bicyelo- 
l  1 . 1 .0  |bu  I  anc-  I  -car  boxy  la  to  instead  of  the  ethyl  ester  in  this  sequence 
resulted  iri  lower  yields  iri  the  NaO-i  addition  step. 
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Another  potential  route  to  TNOI!  was  investigated  in  which  the  hey 
intermediate  is  ethyl  3-oxocyelobu  tano- 1  -ear  boxy  late,  described  above. 
Oximinat iori  followed  by  reaction  of  the  oxime  with  chlorine  gas  at  0  ”0 
afforded  the  nhloronitroso  derivative.  Subsequent  hypochlorite  oxidation 
gave  ethyl  3-chloro-.'l-nit  ro-cy do bulanec.ar  boxy  late.  Zinc- promoted  dechlor¬ 
ination16  gave  ethyl  3-nilroeyclobutaneearboxy  late  in  73%  yiedd.  Oxidative 
nitration  by  the  persulfate  method  proceeded  in  33-50%  yield  to  give  ethyl 
3,3-dinitrocyclobutano  car  boxy  la  te.  Rater  hydrolysis  gave  the  dinitro  acid  in 
03%  yield.  Alternatively,  oxidative  nitration  and  concomitant  ester  hydrol¬ 
ysis  was  achieved  in  47%-56%  yield  in  a  one-pot.  process,  [n  a  preliminary 
run,  3-oxocyclobut arier.arboxylic  acid  was  produced,  but  the  use  of  a  large; 
excess  of  sodium  nitrite  avoided  the  formation  of  Nef  product. 
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Treatment  of  3,3-dinitroeyelobutaneearbuxy  lie  acid  with  t.hiou.vJ 
chloride  to  tfivo  the  acid  chloride,  followed  by  reaction  with  sodium  azide 
under  fihase  transfer  conditions16  and  trifluoroaeotolysis  tfave  N-(3,3- 
dinitrocyclobutyDtrifluoroacotanude  in  84%  overall  yield  from  dinitrocyclo- 
butanecar  boxy  lie  acid.  Dipherty  Iphosphory  I  azide17  in  alcohols,  ori  the  other 
hand,  converted  3,3-dinitroeyelobutaneenrboxylic  acid  (DNB-OO2H)  into 
mixtures  of  the  carbamates  ( DNB-NH-COzh)  and  amide  (DNB-NII-CO-I)NB). 

Methanolic  hydrochloric  acid  hydrolyzed  N-(3l3-dinitroc,yclobut.yl)- 
tririuoroacetamidi'  quantitatively  to  3,3-d  ini  true  yc  lob  wtylamirio  hydrochloride. 
The  free  amine  was  unstable,  but  reaction  of  the  salt  with  m-CPBA 
following  the  procedure  of  Borden18  tfave  impure  1 , 1 ,3-trinitroeyclobutane 
contaminated  with  m-ohlorobenzoic  acid.  Crystallization  and  chromato¬ 
graphic  techniques  were  ineffective  in  removing  all  the  chlorobenzoic.  acid. 
Use  of  sodium  bicarbonate  as  a  buffer  in  the  amine  oxidation  reaction 


resulted  iri  decomposition. 
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Kaplan-Sheehler  oxidative  nitration  conditions  used  previously1  with 
1 , 3-d initroeyolobu tune  led  to  decomposition  of  1 , 1  ,.'l-trinitrocyclobutane. 
The  use  of  sodium  carbonate  iri  place  of  sodium  hydroxide  in  this  reaction 
gave  the  same  results.  Methanolic  tetranitromothane  and  sodium  carbonate 
or  phosphate,  in  the  presence  of  excess  sodium  nitrite,  gave;  recovered 
trinitro  compound.  Starting  material  was  decomposed  after  a  four-  day 
reaction  period  using  sodium  phosphate  as  a  base. 

Another  approach  to  TNOB  is  based  on  the  nitration19  reaction  of  the 
oxime  of  3,3-dinitrocyclobutanone.  Accordingly,  3,3-dinitrooyolobutylamirio 
hydrochloride  was  acetylated  with  acetic  anhydride  (62%)  and  the  amide  was 
treated  with  dinitrogen  tetroxide.  Thermolytie  nitrogen  extrusion20  from 
the  intermediate  N-{3,3-dinitroeyclobutyl)-N-nitrosoaeetamide  afforded  3- 
aeetoxy-1 ,1- -dinil  rocyelobutane  (30%).  Acetate  hydrolysis  gave  the  alcohol. 

3-Acetoxv- 1 , 1 -dinitrocyclobutarie  was  also  prepared,  in  20%  yield,  from 
3,3-diriifroeyelobut.vlnmine  hydrochloride  via  direct  d  i  a '/.  a  t  i  x  a  t  i  o  n  2 1  using 
sodium  nitrite  in  acetic  acid.  A  by-product  was  the  alcohol. 
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A  t,  tempts  to  oxidize  this  alcohol  to  3,3-dinitrocyclobutanono  wore 
unsuccessful.  Reagents  employed  included  pyridinium  chloroehromalo22, 
cerric  aiinnonium  nitrate10  and  chromic  anhydride23  using  ether211  or  ace- 
tom:25  as  a  co-solvent.  Oxidation  of  3,3-dinitroeyclobutylamine  hydrochlor¬ 
ide  was  also  investigated.  No  reaction  took  place  under  standard  amine 
oxidation  conditions  using  sodium  tungstate20,  and  reactions  with  N- 
chlorosuccinimide,  sodium  hy  pochloride27  or  N-inothyl-4-foruiylpyridinium 
b  e  n  z  e  n e s u  1  f o n a t e 25  followed  by  base  treatment  were  also  ineffective. 

Another  approach  to  cyclobutano  sirvactures  is  to  condense  1,3-dihalo 
compounds  with  rnalonate  derivatives.  Accordingly,  the  reported  synthesis 
of  diethyl  3-oxocyclobutane-l ,  l-dicarboxylate29  was  repeated;  condensation 
of  diethyl  rnalonate  with  I -bromo-3-chloro-2-benzyloxy propane  (71%)  was 
followed  by  debenzy lation  and  pyridinium  chioroehroinato  oxidation  (44%). 
Oximination  (73%)  followed  by  chloronitration  afforded  diethyl  3-chloro-3- 
nitrocyclobutarie-  1 , 1  -dieurboxy late  (74%).  Reductive  dechlorination  (70%)  and 
combined  oxidative  nitration  and  ester  hydrolysis  afforded  3,3-dinitrocyclo- 
butane- 1 , 1 -dicarboxylic  acid  iri  65%  yield. 
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Conversion  of  this  diacid  to  the  ketone  by  Curtins  rearrangement, 
followed  by  hydrolysis  was  contemplated.  A  thienyl  chloride  reaction  failed 
to  give  the  acid  chloride,  and  partial  loss  of  nitro  groups  was  observed. 
Attempts  to  convert  the  diacid  directly  to  the  diacyl  azide  by  the  mixed 
carboxylic-carbonic  anhydride  method30  were  also  unsuccessful. 

Spiro  Derivatives.  The  synthesis  of  compounds  with  two  or  more 
four-membered  joined  with  a  spiro  ring  junction  is  expected  to  provide 
improved  explosive  performance  because  of  added  ring  strain.  Another 
advantage  of  joined  rings  is  that  hydrogens  removed  by  the  ring  junction 
result  in  increased  oxygen  balance. 

In  the  preceding  report1,  the  synthesis  of  the  model  compound, 
5,5,10, 10-tetranitrodispiro[3. 1.3.1  ]  decane  from  dispirof  3.1 .3.1  j  decane-5, 10- 
dione  was  described.  The  ketone  was  converted  to  its  oxime,  which  was 
then  reduced  with  sodium  in  liquid  ammonia  to  give  the  diamine.  Oxidation 
with  m-chloroperbenzoic  acid  gave  the  5,10-dinitro  derivative  arid  ferri- 
cyanide -persulfate  oxidative  nitration  gave  5,5,1 0,1 0-tetranitrodispiro- 
[3. 1 .3. 1 Jdeoane  (nip  180  “0). 
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Target  compounds  with  this  skeletal  structure  for  which  synthesis 
routes  are  readily  devised  are  2,2,5,r>,8,8, 1 0, 1 0- ortanitrodispirol  3.  ]  .3. 1  jdeoano 
and  2,8-dinitra'/.a-H,5, 1 0, 1 0- tot  ran  it  rod  is  pi  rof  3. 1.3.1  ldecane. 
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Dispiro  compounds  of  this  type  are  generally  accessible  by  the 
dimerization  of  ketenos  obtained  by  the  reaction  of  acid  chlorides  with 
amines.  Starting  materials  for  this  route,  3,3-dinitrocyclobutane  carboxylic 
acid  and  l-nitro-3-carboxyazetidine32,  were  prepared  earlier  on  this 
program. 
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Because  gem-din  it  ro  groups  would  riol  survive  (.he  oxime  reduction 
conditions  employed  in  the  model  reaction,  it,  was  shown  that  oxime 
halogenation  route  can  be  used  in  this  type  of  structure,  Reaction  of  5,10- 
dioximinodispirol  3. 1 .3. 1  Ideeane  with  chlorine  gave  the  corresponding  bis 
chloronilroso  derivative  following  a  standard  procedure.  Aqueous  sodium 
hypochlorite  oxidation  gave  an  isomeric  mixture  of  5,  lO-dichloro-5, 10- 
dinit  ro-dispiro|  3. 1.3. 1  Idecanes  in  near  quantitat  ive  yield.  Zinc  induced 
reductive  dechlorination  gave  5,10-dinitrodispiro|  3. 1  .3.1  Ideeane. 

NOH  Cl  N02  NO;: 


CHa  C  Clb 

CHa  CH  Clb 

Clb 

CH 

/  \  /  \  /  \ 

(Mr  /  \  /  \  /  \ 

Z.n  /  \ 

/  \  / 

Clb  C  C  Clb 

- >  Clb  c  C  CHa 

. >  CH2  ( 

;  c 

\  /  \  /  \  / 

\  /  \  /  \  / 

\  / 

\  /  \ 

Clb  C  CHa 

ch2  CH  CHa 

Clb 

CH  ( 

NOH 

Cl  Nib 

no2 

3,3-Dinitrocyolobutanoearboxylio  acid  was  converted  to  the  acid 
chloride  using  thienyl  chloride.  This  acid  chloride,  however,  gave  polymeric 
material  under  ketene  dimerization  conditions,31  and  the  tetranitrodispirane 
was  not  obtained.  Similar  results  were  obtained  using  l-nitro-3-oarboxy- 
azetidine,32  as  well  as  3-chloro-3-nitrocyolobutanecarboxylic  acid  chloride. 

Since  a  high  efficiency  conversion  of  the  model  oxime  to  the  gem- 
dinitro  derivative  was  demonstrated,  the  synthesis  of  2,5,8,10-tetrac;:oitrpnc- 
dispiroj 3. 1.3.1  Ideeane  was  undertaken.  3-Methyleriecyclobutnnecar  boxy  lie. 
acid  was  ozonized  to  give  3-oxocyclobutaneearboxylic  acid,  which  was 
converted  to  3-oxoeyelobutaneearboxylio  acid  chloride  in  (>5%  overall  yield. 
However,  reaction  of  this  acid  chloride  with  triethylamine  afforded  only 
polymer  and  no  tefraoxodispiro[ 3. 1.3.1  Ideeane. 
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OIL-?  C  CU., 

CH2-CH-C0.?H  1.  Oj  CH.  -ClfCOCl  /  \  /  \  /  \ 

II  -  -  >  l  I  /  >  0  c  c  c  C  0 

CRj  ~C - CHa  2.  SOCla  0 -C - CHa  K1.3N  \  /  \  /  \  / 

Clh  ('  Cll> 

0 

Subsequently,  3-ben7.yloxyeyolobutaneearboxylic  acid*  was  converted 
to  the  acid  chloride  and  reaction  wit  h  I  r iol  hylamine  afforded  2,8-bis~ 
( bonzyloxy  )-5, 1 0-dioxodispiro[  3. 1 .3. 1  Idecane  in  4  1  — -1  B%  yield.  Reductive 
debenzy  lation  did  nol  occur  at  20  °C  under  the  usual  hydrogenolysis 
conditions  (4  atm,  l'd(OH)2),  but  at  50-53  °C  a  quantitative  yield  of  2,8- 
d ihy  ci roxy-5, 10 -di< >xod ispirol 3. 1.3. 1  'Idecane  was  realized.  However,  attempts 
to  oxidize  this  dial  to  the  ketone  using  pyridinuin  chlcroclu  ornate22  or 
oxalyl  chloride35  were  unsuccessful. 

3-Methyleneoyclobutaneoarboxylic  acid  chloride13  was  prepared  from 
the  corresponding  ac.id.  Iri-situ  ketene  generation  and  dimerization  afforded 
2,8-dimethylene-5,10-dioxodispirot3.1.3.lJdeeane  (50%)  which,  after  ozonoly- 
sis,  gave  the  desired  tetraketone  (55%)  Kxhaustive  oximinntion  gave 
2,5,8, 10-tetraoximinodispiro[3.l.3. 1 Jdeeane  (56%).  Attempts  to  reduce  the 
tetraoxime  to  the  tetramine  using  sodium  in  ammonia,34  lithium  aluminum 
hydride35  or  catalytic  hydrogenation  failed. 

2,5,8,10-Tetraoximinodispirol  3. 1 .3. 1  Jdeeane  was  chlororiitrated  to  afford 
art  isomeric  mixture  of  2,5,8, 10-tetrachloro-2,5,8, JO-letranitrodispirof 3. 1.3. 1 J- 
docanes.  Reductive  dechlorination  gave  a  20%  yield  of  2,5,8,10-tetranitrodi- 
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spirof  3.1.3. 1  Idecane. 


Is 


I 

♦J6 


rSi 


NOH 

C1L  C  OIL 

/  \  /  \  /  \ 

HON" C  C  C  o  NOH 

\  /  \  /  \  / 

CH?  C  OIL 

NOH 

NO? 

OH?  CH  OH.-: 

/  \  /  \  /  \ 

NO? OH  0  0  OH NO? 

\  /  \  /  \  / 

Oils  CH  OIL 
NO? 


B.  Experimental 


0  1  NO? 

OIL  O'  OIL 

/  \  /  \  /  \ 

NO?  0 1 0  0  0  00  1  NO? 

\  /  \  /  \  / 

CH?  0.  OIL 

Cl  NO? 


Melting  points  are  urieorrected.  Elemental  analysis  was  performed  by 
Galbraith  Laboratories,  Knoxville,  TN.  NMR  spectra  were  recorded  on  a 
Varian  T-60  spectrometer.  Infrared  spectra  were  recorded  with  a  Porkin- 
Elmer  700  spectrometer. 

3-Methylenecyclobutanecarboxylic  Acid.  The  procedure  of  Oripps, 
Williams  and  Sharkey13  was  modified  as  follows:  A  solution  of  3-methylene- 
cyclobutanecarbonitrile  (54.0  g,  0.585  mol)  and  sodium  hydroxide  (46.8  g, 
1.17  mol)  in  225  mb  of  water  was  refluxed  for  20  h,  and  cooled  to  15  "C. 
Saturated  aqueous  sodium  chloride  solution  (200  mb)  was  added  and  the 
solution  was  acidified  to  pH  1  with  concentrated  hydrochloric  acid  (125  mb). 
The  aqueous  layer  was  extracted  with  ether  (4  x  200  mb)  and  the  organic: 
phases  were  combined,  dried  (MgSOr)  and  concentrated.  Distillation 
through  a  4  inch  Vigreux-shortpath  afforded  63.0  g  (96%)  of  3-methylene- 
cyclobutanecarboxylic  acid:  bp  79-80  °C(0.4  mm).  (lit13  bp  119  "C  (26 
rural)).  IK  (CHtCh)  3000,  1750,  1700,  1405,  1200  errr1. 

Ethyl  3-Methylenecyclobutanecarboxylate.  The  procedure  of  Gajewski 
and  Burka36  was  modified  as  follows:  A  solution  of  3-methyloneeyclobutane- 


carboxylic  acid  (159.0  g,  1.418  mol)  and  concentrated  sulfuric  arid  (0.60  g, 
(j.  1  mmol)  in  700  ml.  of  1:1  absolute  ethanol-benzene  was  refluxed  for  24  h 
and  concentrated  by  distillation  through  a  1 2  "  Vigreux  column.  Ether  (500 
mb)  was  added  and  the  organic  phase  washed  with  1  M  aqueous  sodium 
carbonate  solution  (LOO  mb).  The  aqueous  phase  was  extracted  with  ether’ 
and  the  combined  organic  layers  were  dried  (MgSO*)  arid  concentrated. 
Distillation  of  the  residue  from  a  large  flask  (500  mb,  foaming!)  through  a 
6"  vacuum  jacketed  Vigreux  column  gave  188  g  (94%)  of  ethyl  3-methy lene- 
cyclobu tanecar boxylate:  bp  78-79  *0  (26  mm).  Ik  and  NMH  were  in  accord 
with  previously  published  data.36 

Ethyl  3-0xocyclobutanecarboxylate.  Ozone  generated  with  a  Welsbach 
Ozonator  (T-23)  was  passed  through  a  solution  of  ethyl  3-methylenecyclo- 
butanocnrboxyla*e  (100  g,  0.714  mo!)  in  700  mb  of  methanol  until  the  blue 
color  of  dissolved  ozone  persisted  (ca.  7  h  required).  Dimethyl  sulfide  (100 
mb)  was  added  slowly  arid  the  dry  ice  bath  was,  allowed  to  warm  gradually 
to  room  temperature.  The  organic  phase  was  stirred  overnight  and  con¬ 
centrated.  Methylene  chloride  (600  mb)  was  added  and  the  mixture  was 
washed  with  water  (4  x  200  mb),  dried  (MgSO-t),  concentrated  and  distilled 
through  a  4"  Vigreux  to  afford  91.7  g  (90%)  of  ethyl  3-oxoc.yclobutariocar- 
boxy Into:  bp  08-70  °0  (.5  nun);  lit>3  bp  90  *0  (2  mm);  TR  (OH2CI2)  3030, 
1790,  1730  cur1;  'll  NMR  (01)01.-,)  6'  1.33  (t,  3  II,  J  =  7  Hz),  -OOIhOIh), 

3.33  (hr  s,  f.  II,  -OH2-),  4.18  (q,  2  H,  J  =  7  Hz,  -OOH2OH1) 

Ethyl  3-Chloro-3-nitrocyclobutanecarboxylate.  A  slow  stream  of 
chlorine  gas  was  bubbled  into  a  stirred  solution  of  ethyl  3-oximinocyclo- 
bulariccarboxy late  (8.00  g,  50.9  mmol)  iri  50  mb  of  methylene  chloride  at  0 


“O  until  the  initially  blue  solution  became  greer.ish.  Excosh  chlorine  and 


solvent  were  removed  by  rotary  evaporation  and  then  100  mb  of  benzene, 


H)0  ml.  of  pll  10.5  bleach  (5.0%  sodium  hypochlorite)  and  Letrabutyl- 

ammonium  hydrogen  sulfate  (5.0  g,  15  mmol)  were  added.  The  resulting 
two-phase  mixture  was  stirred  briskly  while  it  was  cooled  in  a  10  “0  bath. 
After  1  h,  the  phases  were  separated  and  the  aqueous  layer  extracted  with 
ether  (2  x  50  mb)  and  the  combined  organic  layers  were;  washed  with 

saturated  sodium  chloride  solution,  dried  (MgSCM)  and  concentrated, 
Distillation  afforded  9.45  g  (89%)  of  ethyl  3-ehloro-3-nitrocyclobutane- 

carboxylate  as  a  mixture  of  isomers:  bp  72-74  °C  (0.9  mm);  1R  (CH2CI2) 

17.20;  1550  enr1;  Ml  NMR  (CDCla)  6'  1.40  (L,  3  11,  9  =  7  Hz);  3.35  (m,  5  II), 
4.20  (q,  2  H,  J  =  7  Hz). 

Anal.  Calcd  for  CtIIioONCu:  0,  40.50;  H,  4.80;  Cl,  17.08;  N,  6.75. 
Found:  C,  40.50;  II,  5.41;  Cl,  17.40;  N,  6.62. 

A  larger  run  conducted  with  110  g  (0.700  mol)  of  ethyl  3-oxmiino- 
cyclobutanecar  boxy  late  arid  chlorine  gas  in  1  I,  of  methylene  chloride 
followed  by  nitroso  oxidation  using  2  b  of  5%  bleach  arid  78  g  of  tetra- 
but.ylammonium  hydrogen  sulfate  in  1  I,  of  benzene  afforded  124  g  (86%)  of 
ethyl  3-eh]oro-3-nitroeyclobutaneearboxylnl.e  after  workup  and  distillation: 

Ethyl  3-NitrocyclobutanecarboxyIate.  To  a  solution  of  ethyl  3-ehloro- 
3-nitrocyclobu tanecarboxy late  (5.00  g,  24  mmol)  in  100  mb  of  tetrahydro- 
furan  was  added  a  solution  of  hydroxylamirie  hydrochloride  (1.80  g  ,  25 
mmol)  in  15  mb  of  water.  Zinc  dust  (2.00  g,  30.6  mmol)  was  added 
portioriwiso  with  stirring  over  a  10  inin  period  at  25  °C.  A  cooling  hath 
was  used.  After  1  h,  100  mb  of  water  was  added  and  the  mixture  extracted 
twice  '  rith  ether.  The  combined  organic  layers  wore  washed  with  saturated 
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sodium  chloride  solution,  dried  (MgS(q)  and 
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distillation  afforded  3.38  g  (80%)  of  etlivl  3-  nil.rocyclobutaneearboxylate. 

An  analytical  sample  was  obtained  by  dispersing  I  it  of  the  material  in 
10  ml,  of  ice  cold  M  aqueous  sodium  hydroxide  solution.  Alter  the  mixture 
was  stirred  vigorously  for  !  h,  it  was  extracted  with  methylene  chloride  (3 
x  10  mb),  and  then  carefully  acidified  to  pH  a  with  glacial  acetic  acid. 
The  product  was  extracted  wiih  methylene  chloride  (3  x  30  ml.)  and  the 
combined  organic  phases  washed  with  I  M  aqueous  sodium  bear  hi  mat  r 
solution  and  saturated  sodium  chloride  solution.  The  organic  phase  was 
dried  (MgSOi)  and  concentrated,  and  the  residue  was  distilled  to  give  an 
isomeric  mixture  of  ethyl  3-nit  rocyr lobutaiiecarboxy  lal e:  bp  84-87  "('  (0,1 
mm);  IK  (Clbbh)  3050,  1735,  1550  eur1;  'll  NMK  (01)01:,)  6  1.35  (t,  3  II,  .J 
-  7  Hz),  2,80  (in,  3  H),  3.05  (m,  2  II),  4.05  (q,  2  II,  .1  =  7  Hz),  4.85  (m,  1 
If). 

Anal,  baled  for  bvlIuNO,:  0,  48.55,  II,  0.40,  N,  8.0‘).  Found:  0,  48.17; 
!i,  5.88;  N,  7.41. 

Ethyl  3,3-Dinitrocyclobutanecarboxylate.  A  solution  of  potassium 
!  - butovide  (4.57  g,  40.8  mmol)  in  50  ml,  of  t.etrahydrofuran  and  25  ml  of 
ethanol  was  stirred  al  25  °C  for  5  min  before  ethyl  3-riit.rocycJobutane - 
carboxy late  (5.00  g,  32.0  mmol)  was  added  dropwise.  A  20  °0  water  bath 
was  used  to  moderate  the  reaction  temperature.  After  .5  min,  a  solution  of 
sodium  nitrite  (28.3  g,  0.4  1  mol)  in  50  ml,  of  water  was  added  followed 
immediately  by  a  solution  of  sodium  persulfate  (18.0  g,  78.1  mmol)  and 
potassium  fer r ievanide  (5.70  g,  17.3  mmol)  in  100  mb  of  water.  After  the 
solution  was  stirred  for  1  h,  it  was  extracted  with  ether  (3  x  50  mb),  and 
the  combined  organic  layer.-,  were  washed  with  saturated  sodium  chloride 
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solution,  dried  (Mg'SCb)  and  concentrated.  Short-path  distillation  afforded 


3.  87  g  (54%)  of  ethyl  3,3-dinit  roeyelobutaner.ar  l>oxy  late:  bp  100-103  "O  (0.2 
nun);  1R  CH2OI2)  3050,  1735,  1500,  1335  our';  'll  NMH  (OI)Ol.i)  S  1.35  (t,  3 
H,  J  =  7  Hz),  3.37  (br  s,  5  H),  4.15  (q,  2  11,  J  -  7  Hz).  An  analytical 
sample  was  obtained  by  distillation  through  a  4"  Vigroux  column  to  give  a 
fraction  boiling  at  102  “C  (0.2  min). 

Anal.  Cabal  for  (SHioNzOsr  C,  38.54;  11,  4.62;  N,  12.84.  Found:  C, 

38.52;  11,  4.83;  N,  12.17. 

3,3-Dinitrocyclobutanecarboxylio  Acid.  A  solution  of  ethyl  3, 3-dinit.ro- 
cyclobutaneearboxylate  (1.10  g,  53)4  mmol)  and  sodium  hydroxide  (0.30  g,  7.5 
mmol)  in  10  ml.  of  et  hanol  and  4  ml,  of  water  was  refluxed  for  I  h,  cooled 
to  5  *0  and  acidified  with  10%  aqueous  hydrochloric  acid.  The  combined 
organic  layers  were  extracted  with  ether  (3  x  25  mb),  washed  wilh  satura¬ 
ted  sodium  chloride  solution,  dried  (MgSCb)  and  concentrated  to  give  0.89  g 
(93%)  of  crystalline  solid.  Reerystnlliation  from  ether-hexanes  afforded  an 
analytical  sample:  nip  90-97  "C;  IR  (CHiClj)  3050,  1710,  1560  cm"1;  JH  NMR 
(COrid  8  3.43  (br  s,  5  H),  10.2  (s,  1  H,  I)20  exch.). 

Anal.  Calcd  for  CsIfoNzOs:  C,  31.59;  II,  3.18;  N,  14.73.  Found:  0,31.52; 
H,  3.13;  N,  14.12. 

3,3-Dinil  rocyclobutariecarboxy lie  acid  was  also  prepared  from  et  hyl  3- 
ni  troi  y  elobu  tanecar  boxy  la  to.  A  f)  “0  solution  of  sodium  hydroxide  (0.60  g, 
15  mmol)  and  ethyl  3~riitroc:yclobutniieeurl>oxy late  (1.00  g,  5.77  mmol)  in  12 
mb  of  3:1  water-tetrahydrofuran  was  stirred  briskly  for  30  min  before 
'-odium  nitrite  (2.0  g,  29  mmol)  was  added.  After  5  min,  this  solution  was 
poured  into  a  freshly  prepared  solution  of  sodium  persulfate  (3.30  g,  13.8 
mmol)  and  potassium  ferr ieyariide  (1.00  g,  3.04  mmol)  iri  25  rub  of  water  at 
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25  “i'.  A  10  “C  wulcr  ha  I  h  was  uhciI.  after  1  h,  met.h  y  l<  .‘in :  eh  lorido  was 
added  (50  nil.)  and  sufficient,  ice-cold  hydrochloric  acid  (6  M)  to  ijivi;  a  pH 
2-5  solution.  flic  phases  were  separated  and  t  lie  aqueous  phase  was 
extracted  with  methylene  chloride  (2  x  25  ml,).  The  combined  organic 
layers  were  washed  with  saturated  sodium  chloride  solution,  dried  (MtfSOi) 
and  concentrated  lo  afford  0.987  l>'  of  semi  -cry  stalline  solid.  Two  tritura¬ 
tions  with  9:1  hexane/ methylene  chloride  afforded  0.62  .t(  (56%)  of  .8,3  di 
nit  rncyelohutaneearhoxy  lie  acid:  mp  90 -94  Roe.  r  vs  tail  i/„-  it,  ion  from 

ether- hex, mi's-  afforded  an  analytical  sample:  nip  90-97  "ft;  |R  {OIRCb)  8(150, 
1710,  1500  ein- 1 ;  III  NMR  (('Did.)  <)  9.49  (hr  s,  5  II),  10.2  (s,  I  11,  IdO 
exch.) . 

Anal,  (died  for  CslIc.NzOr.:  C,  91.59;  II,  9.18;  N,  14.79.  Round:  0, 
31.52;  11,  8.13;  N,  14.12. 

Ethyl  N~(3,3-Dinitrocyclohutyl)carbamate  and  N-(3,3-Dinitrocyclobutyl)- 
3,3-dinitrocyclobutanecarboxamide.  A  solution  of  3,3-dinitroeyclobutane- 1  - 
rar  boxy  lie  acid,  (0.50  g,  2.63  mmol),  triethylamino  (0.280  g,  2.77  nunol)  arid 
diphrnylphosphoryl  azide  (0.760  g,  2.76  mmol)  in  5  ml.  of  dioxane  containing 
absolute?  ethanol  (0.20  g,  4.3  mmol)  was  refluxed  for  20  h.  The  solution  was 
diluted  with  ether  arid  washed  with  dilute  ice-cold  hydrochloric  acid 
solution.  The  separated  aqueous  phase  was  extracted  with  ether  (2  x  20 
ml.)  and  (he  combined  organic  phases  were  washed  with  I  M  sodium 
carbonate  solution,  dried  (Mi^SO*)  and  concentrated  to  give  a  solid. 
Trituration  twice-  with  1:1  hexane-other  afforded  100  up;  (23%)  of  N-(3,3- 
d  i  nit,  r  nr  v  c  lo  b  ut.  y  I  )-5, 3 -din  it.  roe  yclobutanoearboxam  id  e:  mp  236-237  °0;  IR 

(KMr)  3420,  1655,  1550,  13;>0,  1270  cm1;  'll  NMR  (dr,- acetone)  6  3.40  (hr  s, 
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1  il,  -(Mb-),  3.50  (hr  s,  1  H,  -(Mb-),  4.38  (pent,  3  II,  J  -  7  II/.,  -(Ml  ),  0.30 


(in-  s,  1  H,  Nil). 

Anal.  Calr.il  for  OyliiiNr.O>i:  (’,  83.44;  II,  8.83;  N,  31.03.  bound: 

33.35;  H,  3.97;  N,  30.90. 

Tin;  above  fillral.es  were  roncrril rated  to  afford  0.89  t r  (04%)  of  ethyl 
N-(3,3-dinitrocyelobuty))earbamate.  An  analytical  sample  was  obtained  by 
recry si  allizat ion  from  ether-hexanes:  mp  80-87  "c;  1 1(  (OlljCh)  3050,  3500, 
8030,  J  780,  1500,  1430,  1330  our1;  Ml  NMK  (OIK'I,)  5  1.95  (L,  9  II,  .1  =  7 

II’/.,  (Mb-),  3.38  (m,  4  H,  -Gib-),  4.10  (q,  3  H,  .1  -  7  Hz,  -(Mb-),  4.12  (m,  1 
II,  -(Ml-),  5.50  (br  s,  1  11,  Nil). 

Aria!.  C'alcd  for  (MllnNuOi.:  O,  30.00;  II,  4.70;  N,  18.02.  Fci'indl  O, 

85.77;  H,  4.08;  N,  17.75. 

N-(3,3-Dinitrocyclobutyl)trifluoroacetainide.  A  solution  of  3,3-dinitro- 
cyclobuLane- )  -carboxylic  acid  (10.00  g,  52.0  mmol)  in  30  111b  of  thionyl 
chloride  was  stir  red  at  room  t cm peratu re  for  24  h  before  the  excess  thionyl 
chloride  was  removed  by  rotary  evaporation.  Methyl  one  chloride  (100  mb) 
was  introduced,  the  solution  was  cooled  to  0  °C.  and  tetrabutylaniinoniuin 
chloride  (150  mg',  0.54  mmol)  and  a  solution  of  sodium  azide  (4.50  g,  69.2 
mmol)  in  15  nil,  of  water  were  added.  The  t.wo-phase  mixture  was  stirred 
briskly  for  3  h  at  0  °C,  the  phases  were  separated  and  the  organic  layer 
was  washed  with  water  (2  x  25  ml.)  arid  dried  (MgSOa).  IP  (OlbOb)  indi¬ 
cated  bands  at  2190,  1715,  1565,  1420,  1360  and  1340  enr1  for  the  acyl 
azide.  The  solution  was  filtered  and  refluxed  for  18  h  after  addition  of 
trifl uoroacet  ic  acid  (8.0  g,  70  mmol).  The  cooled  mixture  was  washed  with 
ice-cold  1  M  sodium  bicarbonate  solution  (25  mb),  dried  (MgSfb)  and 
concentrated  to  afford  a  yellow  solid.  Kther  was  added  (100  ml.)  and  the 
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mixture  filtered  to  remove  a  small  amount  of  ether-insoluble  impurity.  The 
filtrate  was  coneenl  rated  to  afford  II..'!  (H  i'/.)  of  N -(8,3-dinitroeyelo- 
butyl)  tr  if  luoroaeo  launder  mp  82-84  "C;  TI.C  (ether)  Rf  =  0.10;  (R  (CHiCIj) 
2480,  3100,  1730,  1560,  1330,  1220,  1170  cur';  Ml  NMR  (OI)CI-.)  d  3.00  tin,  A 
H,  -0FU-),  4.52  (m,  1  II),  7.0  (hr  s,  1  11,  Nil). 

Anal.  Calcd  for  CRHr,F3N305:  0,  28.03;  II,  2.35;  N,  18.24;  F,  22.18. 

Found:  0,  28.01;  H,  2.88;  N,  16.38;  K,  22.14. 

3,3-Dinitrocyclobutylamine  Hydrochloride.  To  a  solution  of  N-(3,2- 
dinitrocyclobutyl)  trifluoroaeetamide  (11.3  g,  44.0  mmol)  in  200  mL  of 
methanol  was  added  20  rnl,  of  12  M  hydroch loric  acid.  The  solution  was 
refluxed  overnight,  and  volatiles  were  removed  using  a  rotary  evaporator. 
Two  ether  triturations  afforded  8.70  g  ( 1 0O'Z )  of  3,3-dinitrocyeiobuty lamine 
hydrochloride:  mp  215-217  °C  (decomp);  IR  (KBr)  3000,  1560,  1345  cm'1;  ‘H 
NMR  (do-DMSO/CDCln)  d  3.60  (m,  5  II,  -Oil*-),  8.50  (hr  s,  3  II,  -Nils). 

Anal.  Oalcd  for  CdlsNnClO.,:  0,  24.32;  11,  4.08;  N,  21.27;  Cl,  17.94. 
Found:  C,  24.70;  H,  4.26;  N,  21.31;  Cl,  17.56. 

N-(  3,3- Dinitrocyclobutyl)  acetamide.  A  mixture  of  3,3-dinitrocyclo- 
buty lamine  hydrochloride  (0,50  g,  2.53  mmol),  anhydrous  sodium  acetate  (0.25 
g,  3.0  mmol)  arid  1  ml.  of  acetic  anhydride  in  5  ml,  of  glacial  acetic  acid 
was  stirred  for  24  h  at  room  temperature.  The  solution  was  poured  into 
water  and  methylene  chloride,  the  phases  separated  and  the  organic  layer 
washed  successively  with  water  (10  mb)  and  I  M  sodium  carbonate  (  2  x  20 
mb)  dried  (MgSCh)  arid  concentrated  to  afford  0.32  g  (62%)  of  N-(3,3- 
<)initrocyclobutyl)acetamide.  Two  triturations  with  cold  ether  afforded  the 
analytical  sample:  mp  115-116  °C;  TI.C  (ether)  Rf  -  0.32;  IR  (CllCh)  3500, 


d,  4  11),  4.40  (pent.,  1  H),  7.409  (hr  s,  Nil). 


Anal.  Oalc.d  for  OcHoN.-iOst  C,  39.47;  11,  4.47;  N,  20.03. hound:  C,  39.39; 
11,  4.99;  N,  20.16. 

N-(3,3-Dinitrocyclobutyl)-N-nitrosoaeetamide.  Under  ar^ori,  a  solution 
of  dinitrog'en  tetroxide  (0.52  g,  5.(1  mmol)  in  10  ml.  of  methylene  chloride 
was  chilled  to  -70  "0  using  a  dry  ire  bath.  Anhydrous  sodium  acetate  (0.93 
g,  11.3  mmol)  was  added  portionwise.  The  mixture  was  warmed  to  0  °C  by 
replacing  the:  dry  iee  bath  with  an  ire- water  bath  and  N- (3,3-dinil.rucyeIo - 
but.yl)aeetamide  (0.7(1  g,  3.7  mmol)  was  added.  The  solution  was  stirred  for 
20  min  and  then  poured  onto  iee  and  water.  The  aqueous  layer  was 
extracted  with  cold  methylene  chloride  (3  x  25  mb),  and  the-  organic  phases 
were  dried  (MgSOt)  and  concentrated.  The  resulting  yellow  solid  (1.3  g) 
was  triturated  twice  with  hexane  and  dried  in  vacuo  to  give  N-(3,3-dinitro- 
eyc.lobu tyl)-N- nil  rosoaeetamide  (0.81  g,  93  %):  mp  86  ”0  (doeomp);  I  It 
(OH2OI2)  1740,  1575,  1540  enr1;  »H  NMR  (CDOIs)  6  2.70  (s,  3  H).  3.40  (in, 

4  II),  5.18  (d,  1  H). 

Anal.  Calc.d  for  CrdlsN-iOr,:  C,  31.04,  H,  3.47;  N,  2  1.13.  l-'ourid:  0, 
31.18;  H,  3.3.9;  N,  23.65. 

1  ,l-Dinitro-3-acetoxyc.yclobutune.  A  solution  of  N- (3,3-  diriitroeyclo- 
buty  1)  — N  —  nitrosoacetamide  (0.78  g,  3.36  mmol)  in  50  ml.  of  hexanes  was 
refluxed  for  22  h,  filtered,  dried  arid  concentrated  to  give  0.62  g  (90%)  of 
1 , 1  -dinitro-3-areLoxyoyclobutane:  IR  (OH2OI2)  1740,  1565  cm.'1  *H  NMR 
U'OCh)  6  2.0  ( s,  3  II),  3,40  (m,  4  H),  5.0  (pent,  I  II,  ,J  =  7  llz). 

Diethyl  3-Chloro-3-nitrocyclobutane-l,l-dic,arboxylate.  To  a  0  "C 
solution  of  diethyl  3-oximinocyclobutane- 1 , 1  -d iearboxylate  (22.8  g,  99.5 
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mmol)  in  150  ml,  of  methylene  chloride  was  added  chlorine  j(;ih  unl.il  a 


persistent  dark  green  coloration  was  observed.  The  solution  was  con¬ 
centrated  on  a  rotary  evaporator  and  200  mb  of  hetiKcnc,  totrabutyl- 
ummonium  hydrogen  sulfate  (10.0  g,  29  mmol)  arid  300  ml.  of  bleach  (5.2% 
sodium  hypochlorite)  were  added  successively.  A  cooling  bath  was  used  to 
moderate  the  slightly  exothermic  reaction.  After  the  two  phase  solution 
was  stirred  briskly  for  2  h,  the  separated  aqueous  layer  was  extracted  with 
ether  (2  x  100  ml.)  and  the  combined  organic  layer  s  washed  with  saturated 
sodium  chloride  solution,  dried  (MgSO-t)  and  concentrated.  Distillation  gave 
20.8  g  (75%)  of  diethyl  3-ehloro-3-nitrocyek>butane- 1  ,J-diearboxylate:  bp 
105-110  °C  (0.2  mm);  Hi  (CH2CI2)  3650,  3080,  3030,  1725,  1560  cur1;  ‘H 
NMR  (CD Oh)  6  1.35  (t,  6  11,  .1  =  7  Hv,),  3.40  (AH  quartet,  4  11),  4.35  (q,  .1  = 
7  Hz). 

Anal.  Culcd  for  CiolluCINOe:  C,  42.95;  11,  5.05;  N,  5.00;  Cl,  12.67. 
Found:  C,  43.13;  H,  5.15;  N,  4.32;  01,  11.89. 

3,3-Dinitrocyclobutane-l,l-dicarboxylic  Acid.  Hydroxylamine  hydro¬ 
chloride  (5.60  g,  82  mmol)  was  added  to  a  solution  of  diethyl  3-chloro-3- 
nitrocyclobutane- 1 ,1-dicarboxylato  (20.8  g,  74.4  mmol)  in  200  ml.  of  tetra- 
hydrofuran  and  50  ml,  of  water.  Zinc  powder  (6.30  g,  96.3  mmol)  was  then 
added  portionwise,  with  cooling  arid  stirring,  over  a  20  min  period,  and 
stirring  was  continued  for  1  h.  The  mixture  was  diluted  with  water  (200 
mb)  and  extracted  with  ether  (3  x  100  mb).  The  combined  organic  layers 
were  washed  with  saturated  sodium  chloride  solution,  dried  (MgSOi)  and 
concentrated.  3'lie  residue  was  distilled  to  afford  14.2  g  (78%)  of  diethyl  3- 
nitroeyolobutarie-l,l-dioarboxyiate:  bp  110  "C  (0.1  mm);  IR(ChhCh)  1730, 
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15-10  cm-1;  Ml  N,V1I,>  (('D(’li)  6  1.25  (t,  0  II,  J  -  7  II/.);  2. 20  (d,  4  11,  J  n  7 
Hz),  4.35  ( ci,  4  H,  J  -  7  Hz),  5.05  (pent.,  1  II,  J  =  7  Hz). 

The  above  nit.rod iester  (14.2  g,  57.9  mmol)  was  added  to  a  solution  of 
sodium  hydroxide  (9.50  g ,  0.2.37  mol)  iti  240  nil,  of  3:1  water-letrahydrofuran 
cooled  to  0  °0.  Brisk  stirring  was  maintained  until  a  homogeneous  solution 
was  obtained  (20  min).  Sodium  nitrite  (35  g,  0.51  mol)  was  added  and 
stirring  continued  for  10  min.  The  solution  was  poured  into  a  freshly 
prepared  solution  of  sodium  persulfate  (35  g,  0.147  mol),  potassium  ferrieya- 
nido  (9.50  g,  28.8  mmol)  and  sodium  carbonate  monohydrate  (7.0  g,  58.4 
mmol)  in  175  niL  of  water.  After  the  solution  was  stirred  for  l  h  at  22-25 

il  was  acidified  to  pll  2  with  cold  8  M  aqueous  hydrochloride  acid. 
The  aqueous  layer  was  extracted  with  methylene  chloride  (3  x  100  ml,). 
The  combined  organic  layers  were  washed  with  saturated  sodium  chloride 
solution,  dried  (MgS04)  and  concentrated  and  triturated  with  hexane  to 
afford  7.08  g  (52%)  of  3,3-diriitroeyclobutano-l  ,1-diearboxylie  acid:  mp  ] 79— 
180  "0  (decomp);  IR  ( KBr)  3050,  1710,  1580,  1375,  1280,  1140  cm-';  ‘H  NMR 
(dt.-l/MhO/C  DC  la )  3  3.55  <s,  4  H),  8.60  (hr  s,  1  H,  C021I). 

Anal,  (baled  for  CeHo^Os:  0,  30.78;  H,  2.58;  N,  11.98.  Found:  0, 
31.05;  H,  2.88;  N,  10.92. 

Ethyl  3-Hydroxycyclobutane-l-c.arboxylate.  To  a  0  °0  solution  of 
ethyl  3-oxocyclobu  tane-1 -car  boxy  late  (24.8  g,  0.175  mol)  in  175  mb  ethanol, 
maintained  at  0-3  °0,  was  added  dropwise  a  solution  of  sodium  borohydride 
(2.31  g,  87.5  mmol)  in  25  ml,  of  ethanol.  After-  30  min,  glacial  acetic  acid 
was  added  dropwise  until  the  (excess  hydride  was  decomposed.  Water-  (250 
ml,)  was  added  and  the  solution  extracted  with  methylene  chloride  (3  x  125 
mb).  The  combined  organic  layers  were  washed  wit!)  I  M  sodium  birar- 
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boriate  solution  (100  ml,),  dried  (MgS0«)  and  conr.onl  rated.  Short-path 

distillation  at  reduced  pressure  afforded  19.5  g  (77%)  of  ethyl  3-hydroxy- 
cyclobutaru'- 1 -carboxylate:  bp  94-98  °C  (2  mm).  (Lit9-29  bp  130-135  °C  (20 
mm));  1R  (OH2OI2)  3650,  3530,  3010,  1720  cm*1. 

Ethyl  3-Bromocyclobutane-l-carboxylate.  To  a  stirred  solution  of  ethyl 
3-hydroxyeyelobutanecarboxylate  (5.00  g,  34.7  mmol)  and  triethylamine  (7.0 
g,  69  mmol)  in  50  ml,  of  methylene  chloride  was  added,  dropwise,  methane- 
sulfonyl  chloride  (7.5  g,  65  mmol)  while  the  temperature  was  maintained  at 
-20  “C  Lo  -15  °C.  The  stirred  suspension  was  allowed  to  warm  to  room 
temperature  over  a  one  hour  period.  The  mixture  was  washed  with  cold 
dilute  aqueous  hydrochloric,  acid  and  1  M  aqueous  sodium  bicarbonate.  The 
solution  was  dried  (MgSO-i)  and  concentrated.  Anhydrous  lithium  bromide 
(6.9  g,  80  mmol)  arid  anhydrous  acetone  (25  mb)  were  added  and  the 
mixture  was  refluxed  for  48  h.  The  cooled  mixture  was  diluted  with  ether 
(50  mb)  and  washed  with  1  M  sodium  bicarbonate  solution,  dried  (MgSCb) 
and  concentrated.  Short-path  distillation  afforded  6.25  g  (87%)  of  ethyl  3- 
bromoeyelobutarieoarhoxylato:  bp  54-56  "C  (0.6  mm).9 

Ethyl  Bicyolof  1.1.0]butane-l-corboxylate.  A  suspension  of  60%  sodium 
hydride  (5.40  g  0.1,35  mole),  t-butylcatechol  (3-4  mg),  t-but,yl  alcohol  (0.36 
1.8  trirnoJ)  and  ethyl  8-bromoeyelobulnno-l-earboxylalo  (20  g,  96.6  mmol) 
in  175  ml,  of  anhydrous  ether  was  protected  from  light  and  stirred  for  4 
days  under  an  argon  ntomsphere.  The  solution  was  filtered  arid  concentrat¬ 
ed  at  25  and  the  residue  was  distilled  to  afford  10.1  g  (85%)  of  ethyl 
hr  y  elo|  1 . 1 .0  Ihul.anc  -  I  -  earboxy  lal  e:  bp  45  "r(5  mm).  The  111  and  NMR  were 
as  reported.9  The  product  may  he  stored  indefinitely  at  -78  °0,  under 
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argon,  in  the  presence  of  trace  f-butyeateehol.  A  run  conducted  with  104 
g  of  bromoester  afforded  f>4.0  g  (85%)  of  ethyl  bicyelobutaneearboxylale. 

Ethyl  1,3-Dinitrocyclobutane-l-carboxylate.  A  solution  of  ethyl 
bieyclo[  l.l.0]butane-l-carboxylate9  (2.47  g,  19.6  mmol)  in  35  mb  of  anhyd¬ 
rous  ether  was  chilled  to  -20  °0  and  6.4  mb  (22  mmol)  of  a  solution  of 
dinitrogen  tetroxide  (3.11  g,  33.8  mmol)  in  10  mb  of  ether  was  added 
dropwise.  The  resulting  yellow-green  solution  was  stirred  for  10  in  in  at  -20 
°C  and  25  mb  of  absolute  ethanol  was  added.  The  mixture  allowed  to  warm 
to  room  temperature  overnight.  Solvent  was  removed  and  the  residue  was 
chromatographed  on  silica  gel  (30  g)  using  3:1  hexane-ether  to  afford  1.73  g 
(40%)  of  ethyl  1 ,3-diriit  rocyclobutane-1 -carboxy  late  as  a  mixture  of  isomers. 
One  of  these  isomers  could  be  crystallized  from  tin;  mixture  using  ether- 
hexane.  This  white  solid  (0.30  g,  7%)  had  Rr  =  0.20  (2:1  hexane-  ether);  nip 
87-89  °C;  IR  (CJhCh)  1750,  1550,  1370  cm-';  'll  NMR  (CDCls)  S  1.33  (t,  3 
II,  .1  =  7  II/,),  3.42  (m,  4  H,  -Olh-),  4.27  (q,  2  II,  .1  =  7  II/.),  4.93  (in,  1  H, 
-CHNOz). 

Anal.  Calcd  for  O7H10N2O1,:  C,  38.54;  4.62;  N,  12.84.  Found:  0,  38.39; 
H,  4.99;  N,  12.63. 

Methyl  1,3-Dinitrocyclobutane-l-carboxylate.  To  a  solution  of  methyl 
bicyclot  1.1 .0]butane-l-oarboxylate  (16.5  g,  0.147  mol)  in  300  mb  of  anhyd¬ 
rous  ether  at  -20  °C  was  added  dropwise  a  solution  of  dinitrogeri  tetroxide 
(15.0  g,  0.16  mol)  in  50  mb  of  cold  (-30  °0)  other.  A  dry-ice  acetone  bath 
was  used  to  maintain  the  solution  temp  between  -20  “C  and  -15  °C.  After 
an  additional  10  min  at  -20  ”0,  methanol  (50  mb)  was  added  and  the 
reaction  allowed  to  warm  to  room  temperature  overnight.  Solvent  was 
evaporated  and  the  residue  was  chromatographed  (100  g  of  silica  gel,  3:1 
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hexane  other)  to  afford  5.10  g  (17%)  of  methyl  1 ,3-dinitrooyclobijtane- l- 


carboxylate  as  a  mixture  of  isomers.  One  of  these  isomers  was  obtained  in 
crystalline  form  from  ether-hexane:  nip  38-40  °C;  TI.C  (2:1  hexane-ether)  Hr 
=  0.24  ;  1H  (ClhCli)  1750,  1550,  1355  cm-1;  'll  NMH  (CDCIs)  6  3.55  (d,  2  J, 

J  =  7  Hz,  -CH2-)(  3.80  (d,  2  H,  J  =  2  Hz,  -OH2-),  3.96  (s,  3  H,  CO2CH3), 

5.03  (d  pent,  1  H,  J  =  2  Hz,  -CHN02). 

Anal.  Calc d  for  CeHs^Os:  C,  35.30;  H,  3.95;  N,  13.72.  found:  0,  35.63; 
H,  4.01;  N,  13.39. 

1,1,3,3-Tetranitrocyclobutane.  To  a  stirred  solution  of  ethyl  1,3-di- 
nitrocyclobutane-l-carboxylate  in  100  mb  of  water  and  40  ml.  of  tetra- 
hydrofuran  at  0  “0  was  added  sodium  hydroxide  (2.70  g,  67.5  mmol).  After 
15  min,  sodium  nitrite  (7.7  g,  0. 1 1  mol)  was  added  and  stirring  was  con¬ 
tinued  for  an  additional  5  rniri  period.  Ether  (100  ml,)  and  a  solution  of 

silver  nitrate  (19.0  g,  0.112  mol)  in  100  mb  of  water  were  added  and  the 
resulting  mixture  was  stirred  briskly  for  1  h  at  0  °C.  The  ice  bath  was 
removed  and  stirring  was  continued  an  additional  2  h.  Aqueous  saturated 
sodium  chloride  (50  mb)  was  added,  the  suspension  filtered  and  the  aqueous 
layer  extracted  with  ether  (3  x  50  mb).  The  combined  organic  layers  were 
washed  with  saturated  sodium  chloride  solution,  dried  (MgSO-i)  and  concen¬ 
trated  to  give  a  semi-solid.  Trituration  with  ether-hexanes  and  washing 
with  cold  anhydrous  ether  afforded  0.61  g  (11%)  of  1 ,1 ,3,3-tetrnnitrocyclo- 
butann:  nip  165-166  °C.  The  filtrates  were  combined  and  concentrated. 
Repetition  of  the  trituration  procedures  afforded  tin  additional  0.53  g  (10%) 
of  product:  nip  164-165  °0.  IR  (ClhCh)  3000,  1595,  1400,  1365,  1330  cm-'; 
'H  NMH  (1  r.-acetone)  <5  4.73  (s). 
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Anal.  Cakd  for  C^lUN^Oa:  C,  20.35;  H,  1.71;  Nl,  23.73.  bound:  C, 
20.47;  H,  L.78;  N,  22.25,  21.93 

3-Benzyloxycyclobutanecarboxylic  Acid.  Tin;  following  procedure  is  a 
modification  of  that  of  Wiberg9.  Diethylmalonate  (2250  g,  14.1  mol)  was 
added  with  stirring  to  a  solution  of  potassium  t-but.uxide  (1103  g,  10.4  mol) 
in  12.5  L  of  dimethyl  sulfoxide.  After  15  min,  2-bon'/,yloxy~l.-bromo-3- 
chloropropane29  (12  3  7  g,  4.70  mol)  was  added  slowly  and  the  mixture  was 
heated  at  120  °C  for  21  h.  The  solution  was  cooled  to  room  temperature, 
diluted  with  15  I.  of  writer  arid  extracted  with  ether  (3  x  5  I,).  The 
combined  organic  layers  were  washed  with  water  (3  x  4  b)  arid  with 
saturated  sodium  chloride  solution  (3  I,),  dried  (MgSO<t)  arid  concentrated. 
Distillation  through  a  large  short-path  distillation  apparatus  gave  a  forerun 
(bp  60-115  °C  (15mm))  followed  by  716  g  (50%)  of  diethyl  3-benxyloxycyclo- 
butane-l  ,l-dicarboxylatc:  bp  165-190  °C  (0.4  mm).  To  a  solution  of  the 
diester  (716  g)  iri  I  I-  of  ethanol  was  added  a  solution  of  85%  potassium 
hydroxide  (620  g,  9.38  mol)  in  350  mb  of  water.  This  mixture  was  stirred 
and  refluxed  for  2  h,  cooled,  acidified  to  pJl  1-2  with  cold  concentrated 
aqueous  hydrochloric  acid  and  extracted  with  ether  (4  x  500  mb).  The 
combined  organic  phases  were  washed  with  water,  dried  (MgSOt)  and 
concentrated  to  afford  a  yellow  solid.  This  diacid  was  heated  at  <:a.  200  “0 
under  reflux  condenser  until  CO2  evolution  ceased.  The  product  was 
distilled  through  a  one  inch  vigroux  to  afford  357  g  (74%)  of  3-benzyloxy- 
cyclobutanecarboxylic  acid:  bp  195-202  ”C  (2-3inm).  I.it9*29  bp  146-150  °C 
(0.1  mm). 

3-Benzyloxycyclobutanecarboxylic  Acid  Chloride.  A  solution  of  3-ben- 
zyloxyevclobutaneearboxylic  acid  (10.0  g,  48.5  mmol)  in  30  ml,  of  Lhiony) 
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chloride  containing  two  drops  of  DMF  was  stirred  at  room  temperature  for 
2  h  and  the  excess  thionyl  chloride-  was  distilled  off  under  reduced  pres- 
sure.  Short-path  distillation  of  the  residue  afforded  9. 68  g  (89%)  of 
3-berizy loxycyelobulariocarboxy  lie  acid  chloride:  bp  110-111  "C  (O.Fi  min);  JR 
(CC1«)  1 7 9 f>  air1;  'H  NMR  (CDCb)  6  2.66  (in,  4  11),  4.02  (pent.,  1  II),  4.40 

(s,  2  H),  7.16  (s,  5  H). 

Anal.  Calcd  for  CulhaClOz:  0,  64.16;  11,  6.82;  01,  16.78.  Found:  0, 

64.47;  H,  5.97;  01,  15.59. 

2,8-Bis(benzyloxy)-5,10-dioxodispiro[3.1.3.1]decane.  'J'o  a  stirred 
solution  of  3-benzyloxycyolobutanecarboxylie  acid  chloride  (9.60  g,  42.7 
mmol)  iri  100  rid,  of  1:1  ether-benzene  was  added  dry  tricthy land ne  (7.0  g, 
69  mmol).  The  resulting  suspension  was  refluxed  under  an  argon  atmo¬ 


sphere  for  24  h,  diluted  with  60  ml,  of  methylene  chloride  and  poured  into 


aqueous  5 %  hydrochloi  ie  acid.  The  water  layer  was  extracted  with  methy¬ 


lene  chloride  (2  x  50  ml.)  and  the  organic  layers  were  combined,  washed 


with  1  M  aqueous  sodium  bicarbonate,  dried  (MgSO-i)  and  concentrated.  A 


mixture  of  50  ml,  of  hexanes  arid  10  ml.  of  ether  was  added  arid  the 


resulting  solid  triturated,  and  washed  with  hexanes  to  give  2.10  g  of 


dispirane  as  an  off-white;  powder.  The  filtrate  was  concentrated  and  ari 


additional  1.80  g  (48%  overall  yield)  of  product  was  obtained  after  treatment 


with  ether-hexanes  as  before.  Ari  analytical  sample  was  obtained  by 


rccrystalli/.ation  from  benzene:  tup  139-140  °C;  IR  (OII2OI2)  3150,  1750  cm-1; 


■II  NMR  (01)01-,)  6  2.50  (m,  8  H),  4.10  (pent,  2  1),  J  =  8  Hz),  4.37  (s,  4  11), 


7.20  (s,  10  11). 


Anal.  Calcd  for  C24II24O4:  0,  76.67;  H.  6.43.  Found:  0,  76.73;  II,  6.32. 
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3-Ch2orT>-3_nitror  velobut.ariecarboxylic  Acid. 


A  .solution  ol  ethyl 


>  v' 


S'.s. 


3-ehloro-3-nitrocyclobutanecarboxy  la  to  (1.05  g,  5.05  mmol)  and  sodium 
hydroxide  (1.30  g,  7.5  mmol)  in  20  ml.  of  4:1  ethanol-water  was  refluxed  for 
1  h,  cooled  and  cioidified  with  aqueous  hydrochloric  acid  to  pH  2  after 
addition  of  water  (25  ml.).  The  aqueous  phase  was  extracted  with  ether  (3 
x  25  ml,)  and  the  combined  organic  layers  wore  washed  with  saturated 
sodium  chloride  solution,  dried  (MgSO<i)  ami  concentrated  to  give  a  yellow 
solid.  Short-path  distillation  afforded  0.82  g  (95%)  of  3-chloro-3-nitrocyelo- 
hutanecarboxylic  acid  .as  a  mixture  of  eis/l  rans-isomers:  mp  68-70  °C;  bp 
122-123  °C  (0.1  nun);  TR  (CH2OI2)  3000,  1760,  1715,  1560  enr1;  Hi  NMR 
(ODCli)  3.10  (m,  5  H,  -GH2-),  4.96  (m,  2  H,  0=C]12),  11.9  (s,  1  H,  C02H). 

Anal.  Gated  for  CsIIeClNO,:  C,  33.45;  11,  3.37;  N,  7.80;  01;  19.74. 

Found:  G,  33.93;  H,  3.42;  N,  7.66;  Cl,  19.54. 

3-Chloro-3~nitrocyclobutanecarboxylic  Acid  Chloride.  A  solution  of 
3-ch  loro-3-nitroeyclobutanecarboxylic  acid  (0.81  g,  4.5  mmol)  iri  thionyl 
chloride  (3  ml.)  was  stirred  at  25  "G  for  3  h,  the  excess  thionyl  chloride 
was  removed  at  reduced  pressure  and  the  product,  distilled  to  afford  0.81  g 
(91%)  of  3-ch  loro-3- nit  rocyclobutaneear  boxyl  ic  acid  chloride:  bp  65  °G  (0.1 
mm);  IR  (OH2GI2)  1785,  1560,  1340  enr1;  MI  NMR  (GDC In)  6'  2. 8-3. 7  (in,  5 H). 

Anal.  Galcd.  for  GsIIr.GlzNOs:  G,  30.33;  H,  2.54;  N,  7.07;  0],  35.81. 

Found:  C,  30.85;  II,  2.87;  N,  7.23;  Cl,  35,75. 

3-0xocyclobutanec.ar  boxy  lie  Acid  Chloride.  A  -78  °G  solution  of  3- 
mothyleneeyelobu  tan  erar  boxyl  ic.  acid  (7.00  g,  62  mmol)  in  100  nil,  of 
metharioi  was  ozonized  until  the  persistent  blue  color  of  dissolved  ozone 
was  noted  (1  h).  Dimethyl  sulfide  (10  ml,)  was  added  and  the  stirred 

solution  allowed  l<>  warm  to  room  temperature  overnight.  The  solution  was 
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concentrated  by  rotary  evaporation,  methylene  chloride  ( 5°  mb)  was  added 
and  the  solution  chilled  to  -10  Thionyl  chloride  (25  ml.)  was  intro - 

dueed  dropwise,  and  an  exothermie  reaction  was  noted  during  the  initial 
stages  of  the  addition.  After  the  remainder  of  the  thionyl  chloride  was 
added,  t  he  solution  was  refluxed  for  2  h,  cooled  and  concent  rated.  Short- 
path  distillation  afforded  5.40  g  (65%)  of  3-oxoeyctobutarieearboxy lie  acid 
chloride:  bp  53  “0  (0.5  mm);  Ik  (CM2OI2)  I7‘J0,  1385  cur1',  'H  NMk  (CIH'h) 
3.40  (m,  5  H). 

Anal.  Oalcd  for  OsHsClOa:  0,  45.31;  II,  3.80;  Cl,  26.75.  Found:  C, 
44.88;  H,  3.90;  Cl,  26.86. 

2,8-Dimethy]ene-5,10-dioxodispiroI3.1.3.1  Jdecane.  To  a  stirred  solution 
of  3-niothyleueeyelobutaneoarboxy lie  acid  chloride13  (21.8  g,  0.167  mmol)  in 
250  mb  of  1:1  ether-benzene  was  added  dry  tricthylamirio  (27.0  g,  0.267  mol) 
under  an  argon  atmosphere.  The  resulting  e ream-colored  suspension  was 
slim.-d  and  refluxed  for  24  h,  cooled  and  washed  with  ice  cold  1  M  aqueous 
hydrochloric  acid.  The  acidic  aqueous  phase  was  extracted  with  ether  (2  x 
25  mb)  and  discarded.  The;  combined  organic:  layers  were  washed  with  1  M 
aqueous  sodium  bicarbonate  solution,  dried  (MgSOi)  and  concentrated  to 
afford  a  reddish  oil.  This  oil  was  triturated  with  hot  hexanes  (3  x  50  mb) 
and  insoluble  residue  discarded.  The  hexane  solution  was  cooled,  decanted 
from  precipitate,  reheated  and  recoolod.  The  product  was  filtered,  washed 
with  cold  hexanes  (5J  mb)  and  dried  in  vacuo  to  afford  2.50  g  (16%)  of  2,8- 
<1  inn: I  h y  lerie-5, 1 0  -dioxodis piro|  3. 1.3.1  jdecane.  The  filtrate  was  concentrated 
and  the  residue  chromatographed  on  silica  gel  (5:1  hexane-ether  eluent). 
The  i  rude  solid  obtained  was  reerystallized  from  hexane  to  afford  5.4  g 
(34%)  of  additional  product.  Two  reorystallizations  from  hexane  gave  an 
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analytical  sample*,  mp  112-113  1R  (i.1  II2CI2)  2970,  17bj,  1090  cm  ,  H 

NMR  (CDCla)  5  3.16  ( t ,  8  II,  J  -  3  Hz),  4. 88  (t,  4  II,  J  =  8  I!/.). 

Anal.  Cak’d  for  OudluOz:  C,  78.57;  II,  8.48.  Found:  C,  78.51;  II,  8.82. 

2.5.8.10- Tetraoxodispiro[3.1.3.1]decane.  A  solution  of  2,8-dimethylerie- 
5,1 0-dioxodispiro[3. 1.3.1  ] decant;  (0.48  g,  2.55  mmol)  in  50  ml.  of  methylene 
chloride  was  chilled  to  -78  °C  and  a  stream  of  o/.orie  in  oxygen  was 
introduced  v’ia  a  glass  fritted  bubblin’  using  a  Welsbaeh  ozonater  (  1—28). 
The  o/.orioly sis  was  continued  until  the  persistant  blue  color  of  dissolved 
ozone  was  observed  (ca.  10  min).  Dimethyl  sulfide  (1  ml.)  was  added  and 
the  dry-ice  bath  allowed  to  warm  slowly  to  room  temperature.  The  organic 
layer  was  washed  with  water  (2  x  25  mb),  dried  and  concentrated.  I  he 
resulting  solid  was  triturated  twice  with  hot  ether  and  dried  in  vacuo  l.o 
give  0.27  g  (55%)  of  2,5,8,  l()-tetraoxod ispirol  3. 1 .3. 1  Idocano.  Sublimation  at 
reduced  pressure  (0.10  mm)  gave  art  itmtlyl  iriti  sample;  mp  (2)5-220 
decomp);  Hi  (KBr)  3050,  1780,  1745  cur1;  'II  NMR  (ODOb-doDMSO)  3.53  (s). 

Anal.  Oalcd  for  C1OH0O4:  C,  82.50;  H,  4.20.  Found:  0,  81.99;  H,  4.32. 

2.5.8.10- Tetraoximinodispiro[3.1.3.1)decane.  A  solution  of  2,5,8,10- 

tetraoxodispir’ot  3. 1 .3. 1  Idecane  (0.476  g,  2.48  mmol),  hydroxylamirie  hydro¬ 
chloride  (3.40  g,  49.2  rrunol)  and  pyridine  (4.0  g,  50  mmol)  in  50  mb  of 
absolute  ethanol  was  refluxed  for  24  h  and  then  poured  into  150  mb  of 
water.  The  product  was  filtered  and  washed  thoroughly  with  water  and 
once  with  methanol  and  then  dried  to  afford  0.347  g  (56%)  of  2,4,8,10-tetra- 
oxiininodispirol  8.  i  .3. 1  Idecane.  An  analytical  sample  was  recry  stallix.ed  from 
dimethyl  sulfoxide-chloroform:  mp  275  "(J  (decotnp);  Tit  (KBr)  3170,  2930, 
1400,  960,  910  cur1;  'll  NMR  (di.  DMSO/  CI)0J:.)  6  3.10  (hr  s),  3.30  (hr  s), 
10.35  (s,  OzO  ex.),  10.80  (s  LhO  ex.). 
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II,  4.80;  N,  22.21. 


Anal.  Calcii  for  OuiilwiNUu.i:  c,  47.02; 

Found:  C,  46.43;  ii,  1.93;  N,  20.73. 

5,10-Dich]oro-5,10-dinitrodispiro[3.1.3.1|deeane.  To  a  .solution  ol 
5, 1  0-d  ioxi  m  i  nod  is  pi  ro|  3. 1 .3. 1  Jdeca  in-  (1,09  g,  !>.(>  I  mmol)  in  3f>  ml.  of  heri'/ene 
was  added  2:9  ml,  of  5.25/.'.  sodium  li.v  pociilorilo  (pll  3. .3,  adjusted  with 
phosphoric  acid).  After  the  two-phase  mixture  was  stirred  lor  i  ,5  h,  the 
benzene  layer  was  added  to  50  ml,  of  pll  10.5  commercial  bleach  cori  I  aining 
totrabuty lanimonium  hydrogen  sulfate  (1.90  g,  5.00  mmol).  A  wafer  bath  was 
used  for  both,  oxidations.  After  for  I  h,  the  aqueous  layer  was  extracted 
with  ether  (2  x  50  ml.)  and  the  combined  organic  layers  were  washed  with 
saturated  sodium  chloride  solution  (25  ml,),  dried  (MgSCh)  and  concent  rated 
to  give  1.50  g  of  semi-solid  product.  keerystaWization  from  methylene 
chloride-hexanes  followed  by  sublimation  at  0.5  .nm  pressure  gave  an 
analytical  sample  of  5,10-di<:hloro-5,  JO-dinii.rodi.spiroj 3. 1.3. 1  jdeeane:  mp 
171-173  “0;  Ik  ( OllitCli* )  1560,  1340  cur1;  Ml  NMk  (Cl)Ch)  <5  1.80  (m,  12 
111. 

Anal.  baled  for  Oioll^ChNaCb:  C,  40.70;  H,  4.10;  N,  9.49;  01,  24.02. 
Found:  0,  41.07;  H,  4.20;  N,  9.26;  01,  24.73. 

2,5,8, 1 0-Tetrachloro-2,5,8, 10-tetranit.rodispirol3. 1 .3. 1  ]  decane.  A 

suspension  of  2,5,8, 10-tetraoximinodispirol 3. 1 .3. 1  jdecatie  (0.220  g,  0.872  mmol) 
in  25  ml.  of  methylene  chloride  at  0  "('  was  stirred  while  chlorine  gas  was 
introduced  slowly.  The  resulting  green  solution  was  stirred  for-  30  min 
after  the  solid  dissolved.  The  solution  was  concentrated  and  10  ml.  of 
hen/.ene,  sodium  hypochlorite  (10  mb  of  pll  10.5,  5%  NaOCl)  and  t.otra- 
b u I  y  lammoi i i uin  hydrogen  sulfate  (0.50  g,  1.5  irimol)  were  added.  The 
resulting  two  phase  mixture  was  stirred  for  1  h  at  25  "0  and  the  aqueous 


laser'  was  extracted  with  methylene  chloride  (11  x  25  ml,).  The  combined 
organic,  layers  were  washed  with  .saturated  sodium  chloride  solution,  dried 
(WgSOi)  and  concentrated  to  afford  0.33  g  of  yellow  solid.  This  solid  was 
t  ri  t  u  "at  ed  with  ether  twice  and  reerystnlli/.rd  from  methylene  chloride  h> 
give  30  mg  (8%)  of  11,5,8,1 O-tet.raohloro-2,5,8, I  0-tetrnnitrodispiro|  3. 1 .3.  i  |dee- 
r-me:  mp  218-11110  'V  (decomp);  1 U  (KBr)  15V0,  1550,  1350,  1145  cm';  'll 
NMR. 

Anal.  Paled  for  CioIUOUNiOs:  0,  20.40;  II,  1.78;  N,  12.34;  01,  3  1.23. 
Found:  C,  20.32;  H,  1.90;  N,  12.00;  (Id,  30.8  7. 

2,5,8, 10-Tetranit.rodispiro[  3. 1.3.1  Jdecane.  Chlorine  pas  was  introduced 
into  a  0  *0  suspension  of  2,5,8, 1 0-tet.raoximinod ispiroi 3.  1 .3. 1  ]decane  (0.220  g, 
0.872  mmol)  and  stirring  was  continued  for  30  min  after  the  reaction  was 
complete.  The  solution  was  concentrated  and  benzene  (10  ml,),  totrabu ty  1- 
ammonium  hydrogen  .sulfate  (0.50  g,  1.47  mmol)  and  sodium  hypochlorite  (10 
ml,  of  pH  10.5,  5%  NaOOl)  wort!  added  arid  the  mixture  was  stirred  for  one 
hour.  The  aqueous  layer  was  extracted  with  methylene  chloride  (2  x  20 
ml.)  and  the  combined  organic  layers  washed  with  1  M  sodium  bicarbonate 
solution,  dried  (MgSO-i)  and  concentrated  to  give  a  solid  after  two  other 
triturations.  A  solution  of  this  solid  hi  25  ml-  of  tetrahydrofuran  and  5  mi, 
of  wafer  ront"iriing  hydroxylamine  hydrochloride  (0.42  g,  fi.!l  mmol)  was 
stirred  while  zinc  powder-  (0.40  g,  G.O  mmol)  was  added  slowly  portion  wise 
over  a  5  min  period.  After  a  2  h  period,  the  solution  was  refluxed  for  one 
hour.  The  cooled  solution  was  diluted  with  wafer  and  extracted  with 
methylene  chloride  (2  x  25  mb).  The  combined  organic  layers  were-  washed 
with  saturated  sodium  chloride  solution,  dried  (MgSO.i)  and  concentrated. 
Column  chromatography  of  the  result  ing  oil  on  silica  gel  using  3:1  hexane  - 
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ethyl  acetate  afforded  52  uig  (20%)  of  2,0,8,  10 -tetrariil.rodispiro| I  .3.  I  | 
decane  as  a  mixture  of  isomers:  TI.C  (3.)  hexane-KtOAe)  Id  =  0.10,  O.l'l); 
nip  110-112  °C;  JR  (Kllr)  1535,  1370  enr1;  Ml  NMR  (ClbCN)  6  3.0  (d,  8  II, 
3=7  Hz),  5.5  (in,  4  H). 

Anal.  Calcd.  for  Oiolli2N-iO«:  C,  37.98;  II,  3.83;  N,  17.72.  Round:  0, 
37.88;  H,  3.80;  N,  18.97. 

l-Nitroazetidine-3-carboxylic  Acid  Chloride.  A  solution  of  1-riitro- 
azetidine-3-carboxylio  acid32  in  10  nil,  of  thionyl  chloride  was  stirred  at 
room  temperature  for  24  h  and  concentrated  by  rotary  evaporation  to  yield 
2.30  g  (98%)  of  1  -iiitroazetidine-3-carboxylic  acid  chloride.  An  analytical 
sample  was  obtained  by  molecular  distillation  of  a  small  sample:  bp  105  °C 
(0.5  mm);  1R  (CII2CI2)  1800,  1540,  1340,  1280  enr1;  Ml  NMR  (OI)Cls)  5  3.90 
(pent,  1  H,  J  =  6  Hz),  4.50  ( d ,  4  H,  .1  =  8  Hz). 

Anal.  Calcd  for  CiHsNzCICh:  C,  29.20;  }J,  3.08;  N,  17.02;  Cl,  21.54. 

Found:  C,  28.85;  II,  3.09;  N,  17.01;  Cl,  20.92. 

3,3-Dinitrocyclobutanec.arboxylic  Acid  Chloride.  A  solution  of  3,3- 

dinitrocyclobutane-l-carboxylic  acid  (0.88  g,  4,83  mmol)  in  5  ml,  of  thionyl 
chloride  was  stirred  at  room  temperature  for  2  h  and  the  excess  thionyl 
chloride  was  removed  at  reduced  pressure.  Short-path  distillation  of  the 
residue  gave.  0.72  g  (75%)  of  3,3-dinilrooyelobutaneearboxylie  acid  chloride: 
bp  85-87  °C  (0.2  mm);  IR  (CH2CI2)  1790,  1580,  1330  enr1;  *H  NMR  (CDCb) 

8  3.50  (in,  1  II),  3.60  (br  s,  4  H). 

Anal.  Calcd  for  C5H5CIN2O5:  C,  28.79;  11,  2.42;  N,  13.4  3;  Cl,  17.00. 

Found:  C,  28.83;  H,  2.47;  N,  12.64;  Cl,  17.38. 
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III.  1,3,3-TRINITROAZETlDINE 


A.  Discussion 

The  first,  synt  hesis  of  i  ,3,3-trinitrouz.otidirio  (TNAZ)  was  carried  out  a* 
Kluorochem,  Inc.,  under  support  from  ONR.17  Subsequently,  a  preliminary 
process  improvement  program  was  carried  out  under  sponsorship  of 
ARDEC.M  The  present  work,  with  ARDKO  funding  and  ONR  administration, 
had  as  objectives  the  preparation  of  sufficient  TNAZ  To  complete  additional 
stability  and  performance  tests,  and  the-  development  of  new  synthetic 
techniques  to  provide  significant  yield  improvements. 

TNAZ  is  a  unique  compound  containing  both  .gem- dinitrn  and  nitraniino 
groups  in  a  four-membered-ring.  The  small  ring  gives  the  molecule 
approximately  25  Keal/mol  of  ring  strain  energy  which  adds  significantly  to 
TNAZ’s  performance.  Based  on  combustion  studies,  the  heat  of  formation 
of  TNAZ  is  calculated  to  be  8.7  Keal/mol,  with  a  monopropellant  lsP  {1000- 
14.7  psi)  of  273.5  sec™  (HMX  is  267.4  sec). 

'1'NAZ  melts  at  101  ”0  and  is  thermally  stable  above  240  °0.  From 
the  x-ray  structure,40  the  estimated  the  density  of  TNAZ  is  1.84  g/ern3  at, 
20°0,  (The  observed  density  of  TNAZ  by  silver  nitrate  flotation  is  1.83 
g/om3).  The  structure  of  TNAZ  has  two  very  interesting  features.  The 
azetidi no  ring  is  puckered  by  13.6°  which  results  in  the  nitramino  nitrogen 
having  essentially  pure  sp7  h.y bridizatinn.  The  riitro  group  on  the  azetidino 
nitrogen  has  a  very  high  out  of  plane  deformation  of  39.4°  yet,  a  short  N-N 
bond  distance  of  1.351  A.  This  short  distance  compares  favorably  with  the 
shortest  N-N  bond  distances  in  RDX  or  HMX  and  may  help  explain  the 
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stability  of  TNAZ. 


The  synthesis  of  TNAZ  is  outlined  in  tin;  following  equation  starting 
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During  this  program,  several  of  those  stops  were  reinvestigated  in  an 
effort  to  improve  yields,  facilitate,  material  handling,  minimize  waste 
disposal  problems,  and  increase  safety.  Other  routes  to  TNAZ  were  also 
investigated  briefly. 

Step  1.  l-t-Butyl-3-hydroxyazetidinium  Hydrochloride.  The  reaction  of 
t-butylamirie  with  epiehlorohydrin  to  give  the  3-hydroxyazctidine  involves 
two  distinct  steps.  First,  the  amine  and  epoxide  condense  to  form  a  1- 
amino-3-chloropropanol  which  then  cyclizes  to  give  the  desired  product. 
Different  solvents  appear  to  be  required  for  each  slop.  The  condensation 
reaction  was  studied  in  methylene  chloride,  hexane,  acetonitrile  and  Freon 
113.  The  reactions  were  monitored  by  following  the  disappearance  of 
epiehlorohydrin  by  gle.  The  yields  in  these  reactions  varied  from  20  to  69% 
and  are  summarized  iri  'Table  1.  The  best  yields  wore;  obtained  in  hexane  or 
without  solvents.  On  a  small  scale,  this  condensation  could  be  run  neat, 
but  ori  a  kilogram  scale,  uncontrollable  exotherms  were  observed. 

The  use  of  acid  or  base  catalysts  was  investigated.  The  presence  of 
p-t.oluenesulforiic  acid  did  not  effect  the  condensation  reaction  and  caused 
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the  cyclizntion  reaction  to  fail.  The  presence  of  potassium  /. -but.oxide  in 


one  attempt  gave  no  improvements  in  yield.  The  use  of  excess  t-butylamirie 
was  also  found  to  be  ineffective  in  improving  the  yield. 


Table  1. 

Synthesis  of  1-t- 

-Butyl-3-hydroxyazet idine  -  Solvent 

Effects 

Run  #  _ 

Sql vent _ 

('qndensatiixi  % 

Product  yield 

%  Notes 

1 

hexane 

50 

GO 

9 

hexane 

50 

0 

a 

3 

acetonitri le 

GO 

39 

4 

Clh  C  L> 

50  22 

5 

ClbCh 

50 

0 

a 

G 

ClhCb 

HO 

57 

b 

7 

(neat) 

HO 

53 

Reactions  run  with  0.1  mo]  f  but y famine  and  0.1  op i oh) orohydr i n 
a  p- Tol  uenesul  foni  <-  acid 
b  0.2  mo  1  t  but y lam i no 

The  cycJizatiori  reaction  requires  the  use  of  a  mildly  basic  solvent 
such  as  acetonitrile.  Methylene  chloride  or  methanol  was  not  effective. 
The  use  of  acetonitrile  in  the  condensation  step  led  to  lower  yields.  Thus, 
the  best  results  were  obtained  from  reactions  conducted  first  in  con¬ 
centrated  hexane  solutions  for  3  days  at  room  temperature,  arid  after 
removal  of  the  hexane,  in  refluxing  acetonitrile  for  3-6  hours.  Yields  of 
69%  at  the  1  kg  scale  were  obtained  by  this  method  ('fable  2). 

Table  2.  Synthesis  of  l-t-Butyl-3-hydroxyazetidine 


RUN 

solvent 

t  Butyl  amine 

_ _ 

Epi chi orohydr in 
g  (jpple) 

Yield  I 

1. 

hexane 

980  (13.4) 

1300  (13.4) 

_ _ 

L365  (61.7) 

2. 

hexane 

980  (13.4) 

1300  (13.4) 

1250  (56.5) 

3. 

hexane 

980  (13.4) 

1300  (13.4) 

1400  (65) 

4. 

hexane 

974  (13.3) 

1235  (13.3) 

900  (41) 

5. 

neat 

115  (1.5) 

140  (1.5) 

175  (68) 

6. 

neat 

570  (7.8) 

720  (7.8) 

892  (68) 

All  runs  included  post  treatment  with  refluxing  acetonitrile. 


39 


Step  2.  l-t-Butyl-3-methanesufonyluzetidme.  The  mesylate  is  prepared 
from  the  3-hydroxyazetidine  hydrochloride  and  mel.hanesulfonyl  chloride  iri 
methylene  chloride  with  2  moles  of  triethy lamine.  'I' he  mesylates  prepared 
in  this  manner  contained  uncharacterized  impurities  which  were  removed 
after  later  steps.  The  crude  mesylate  is  easily  purified  by  trituration  with 
ether;  the  impurities  are  insoluble.  The  purified  mesylate  is  suitable'  for 
direct  reaction  in  the  next  step  without  further  treatment. 

Table  3.  Synthesis  of  l-t-Butyl-3-methanesulfonylazetidine. 


H1JN 

1 

Trie 

ithylami ne 

OlhSO.'Cl 

Yie 

Id- 

NoL 

£ 

(mo 

,?V . 

..mole) 

.  E 

(mol e) 

E 

{%)  . 

1  . 

574 

(3 

5) 

723 

(7.1) 

439 

5 

(3.84) 

637 

(88) 

o 

574 

(3. 

5) 

723 

(7.1) 

439 

5 

(3.84) 

650 

(90) 

3. 

574 

(3 

5) 

723 

(7.1) 

439 

5 

(3.84) 

588 

(81) 

•1 . 

574 

(3. 

5) 

723 

(7.  1 ) 

439. 

5 

(3.84) 

703 

( 95 ) 

5. 

100 

(0. 

60) 

126 

(L.2) 

76. 

0 

(0.67) 

80 

(64) 

b 

f ;. 

115 

(0. 

693) 

144 

(1.4) 

87. 

0 

(0.764) 

1  1 8 

(84) 

7. 

250 

(1. 

5) 

315 

(3.  1) 

190. 

9 

(1.674) 

220 

(71) 

8 

250 

(1. 

5) 

315 

(3.1) 

1 90 

9 

(1.674) 

220 

(71) 

9. 

100 

(0. 

60) 

62 

(0.6) 

76. 

0 

(0.67) 

120 

(95) 

e 

10. 

574 

(3. 

5) 

723 

(7.1) 

439. 

5 

(3.84) 

400 

(55) 

b 

1  1  . 

60 

(0. 

364) 

75 

(0.77) 

45. 

8 

(0.4) 

445 

(60%) 

b ,  d 

Crude  yields 

Product  purified  by  Ether  treatment. 

Freon  as  solvent 

DMAP  (d'iinethyami  nopyridine)  in  place  of  I  ri  ethyl  amine 


The  use  of  dimethylaminopyridine  as  a  replacement  base  for  triethyl- 
amine  in  the  mesylate  formation  reaction  was  investigated.  No  significant 
difference  in  yield  or  reaction  time  was  noted  which  would  justify  the  use 
of  Ibis  more  expensive  base.  In  one  run,  the  use  of  Kroon  113  as  the 
reaction  solvent  in  place  of  methylene  chloride  gave  no  difference  in 
product  yield  or  purity.  As  previously  rioted,  the  mesylate  solutions  are 


unstable  and  were  used  immediately  after  preparation.  Table  .'i  summarizes 
results  obtained  for  the  mesylation  reaction  during  this  program. 

Step  3.  l-t-Butyl-3-nitroa'zetidine.  The  critical  step  for  the  scale-up 
ui  TNA2  -us  beta.  LI:::  rv*  rite  d ^placement.  of  the  mesylate  to  give  the* 
mononitro  derivative.  We  now  find  that  using  a  two-phase  medium,  water 
and  Freon  113,  results  in  a  controlled,  large-scale  reaction,  without  the 
need  for  the  nitrite  scavenger,  phlorogluciriol.  Although  reaction  times  are 
somewhat  longer  (1-3  days)  than  previously  observed  for  water-methanol 
solutions  (16-24  hour’s),  the  isolated  yield  of  mononilroazotidiuo  from  Lhe 
Freon  solution  is  55-65%  (compared  to  30-35%  in  methanol-water).  In 
addition,  the  mononitro  derivative  can  be  reacted  further,  without  isolation 
from  the  Freon  113  solution,  to  give  the  dinitro  intermediate.  The  overall 
yield  of  the  dinitroazetidine  starting  from  the  mesylate  has  been  improved 
by  these  changes  from  J.8%  to  35%  (Table  4). 


Table  4.  Synthesis  of  l-t-Butyl-3-nitroazetidine. 


RUN 

mesylate  Phloroglucinol 

Solvent 

Yield 

. . . . HL.L'no.l) . . 

£  (mo!) 

K  (%)  crude 

1. 

600  (2.9) 

335  (2.067) 

ClhOH 

130  (38) 

2. 

600  (2.9) 

335  (2.067) 

ClhOH 

130  (38) 

3. 

580  (2.8) 

257  (1.586) 

CHiOH 

125  (38) 

4. 

80  (0.386) 

35  (0.216) 

ClhOH 

38  (63) 

5. 

80  (0.386) 

35  (0.216) 

ClhOH 

1 5  ( 25 ) 

0. 

15  (0.072) 

0 

Freon  1  1 3 

6  (50) 

7 . 

6  (0.029) 

0 

Freon  L  L3 

2  (50) 

H. 

20  (0.097) 

0 

Freon  1 1 3 

7  (50) 

9. 

230  (1.1 16) 

0 

Freon  113 

92  (52) 

10. 

100  (0.483) 

0 

Freon  M3 

39  (50) 

1  1  . 

800  (3.866) 

0 

Freon  1  13 

450  (65; 

The 

■  effect  of  halide  ion 

ori  Liu;  displace 

uiierit  reaction 

was  investigated. 

Parallel 

reactions  of  crude 

mesylate  with 

2  equivalents 

of  nitrite  were 

studied  in  met  hanoi- water  solvents.  In  the  absence  of  other  counter  ions, 
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these  materials  gave  35-38%  yields  of  inotionil.ro  product.  The  addition  of  I 
equivalent  of  potassium  iodide  gave  a  29%  yield,  whereas  0.25  equivalents  of 
sodium  bromide  gave  35%  of  the  monoriitro  compound.  These;  deviations  may 
have  resulted  f ;  ~r-  work-up  variations  rather  than  anv  court  ♦-'•--ion  effort,. 
Increasing  th<;  nitrite  concentration  to  12  equivalents  similarly  failed  to 
improve  the  yield. 

Motion itroa/.e I  id ino  has  both  secondary  nitro  and  tertiary  amine 
functionality  and  can  be  dissolved  either  in  acid,  by  forming  an  ammonium 
sail,  or  in  base,  by  forming  an  nitronate  salt.  It  is  likely  that  some  of  1  he 
product  is  lost  in  the  water  layer  because  of  incomplete  extraction  due  to 
one  or  both  of  these  salt  formation  reaction.  In  a  brief  pH  study,  solutions 
carefully  adjusted  to  pH  7. 5-8. 5  were  found  to  give  about  10%  additional 
product  upon  exhaustive  extraction. 

Table  5.  Synthesis  of  l-t-Butyl-3,3-dinitroazotidine. 


HUN 

motion  i  t  ro 

1)  i n  i  fro 

I)  i  n  i  1  ro  so  1 1 

Yield 

of  1)  in  i  1  ro 

— 

_ £ 

_A.roy.Ll _ 

_ 8  (crude) 

.  ...£ . . . 

_ 8 

.(%.) 

1. 

50 

(0.31) 

30 

38 . 0 

22.8 

(38) 

2 . 

110 

( 0 .  t>9 ) 

70 

80 . 0 

35 . 6 

(25) 

«> 

.•> . 

115 

(0.723) 

73.5 

58 

33.3 

(24) 

•i. 

80 

(0.503) 

85 

50 

30 

(33) 

r> . 

40 

(0.25) 

32 

24 

1.4 . 3 

(28) 

o. 

240 

( 1.509) 

1  HO 

130 

77.3 

(28) 

7. 

25 

(0. 157) 

34 

38 

21.4 

(67)** 

a.  based  on  mesylate 

b.  Distilled  mononit.ro,  yield  this  step  only. 


Step  4.  Synthesis  of  l-t-Butyl-3,3-dinitroazetidine.  Procedures  for 
persulfate  catalyzed  oxidative  nitration  of  3-nitroazetidine  to  3, 3-dinit.ro- 
azetine  were  not  changed  during  this  program,  and  the  results  of  seven 
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runs  are  fourni  in  Table  5.  The  yields  based  on  mesylate  wen.  between  24% 
and  36%.  In  one  case,  the  morionitm  compound  was  purified  by  distillation 
under  high  vueuum  prior  to  reaction,  arirl  the  yield  of  67%  was  consistent 
with  that  previously  observed. 

Step  5.  Nitrolysis  to  TNAZ.  The  l.r  ifluoroacotal  c  salt  of  dinitroa'/.e  - 
Udine  was  nitrolyzed  in  methylene  chloride  with  Lrifluoroacetic  anhydride 
find  100%  nitric  acid.  No  chaiipis  were  made  in  this  reaction  procedure, 
boring  prior  programs  only  milligram  quantities  of  TNAZ  had  been  isolated 
and  the  work  involved  the  use  of  methylene  chloride  solutions  only. 
However,  during  this  program  procedures  were  developed  for  isolating  and 
purifying  TNAZ.  Iri  general,  the  nitrolysis  mixture  was  washed  with  water 
and  5%  sodium  bicarbonate  solution  and  dried  over  magnesium  sulfate,  and 
then  evaporated  to  give  crude  TNAZ  in  95-98%  yield.  This  material,  which 
was  slightly  yellow  in  color  and  had  less  than  1%  impurities  by  time,  was 
recrystallized  twice  from  methylene  chloride  and  the  purified  TNAZ  was 
isolated  in  82-87%  yield  (Table  6).  TNAZ  obtained  in  this  way  was  almost, 
colorless  and  was  further  dried  under  high  vacuum  for  12  hours  to  remove 
any  residual  solvents.  During  this  program  144  g  of  TNAZ  was  prepared 
and  shipped  to  ARDKO. 


Table  6.  Nitrolysis  to  TNAZ 


RUN 

IHnil.ro  Salt 

Yield  TNAZ 

15  (mol) 

e  t*) 

1  . 

38.0  (0.135) 

22.4  (99) 

2. 

G3.4  (0.224) 

36  ( 84 ) 

3. 

101  (0.35.9) 

HO  (87) 

4. 

50  (0. 178) 

26  ( 82 ) 
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Analysis  of  TNAZ  and  Its  Intermediates.  New  analytical  methods  for 
following  these  reactions  have  been  developed  using’  gas  eh romatograph y  on 
an  OV-17  column  with  Helium  carrier  gas,  thermal  conductivity  detector, 
and  250  “0  injector  and  detector  temperatures.  'for  analysis  of  the 
and  dinitroavel  idine  intermediates  the  column  temperature  was  programed 
from  100  to  240  °C  at  8  "C/min. 

TNAZ  is  not  very  soluble  in  deutor  'chloroform  so  the  JH  NMR  spectra 
were  recorded  in  acetone-d6  in  which  it  shows  a  singlet  nt  ■x  5.2  The  n0 
NMR  of  TNAZ  shows  two  absorbance  at  <)  103.4  arid  (i.3.4.  The  IN  spectrum 
in  methylene  chloride  shows  nitro  group  absorbance  at  1580  and  1420  cur1. 

Alternative  Routes  to  TNAZ.  The  existing  route  to  TNAZ  uses  the 
bulky  t-butyl  group  as  a  blocking  group  until  the  final  nitrolysis.  Although 
this;  steric  bulk  helps  stabilize  the  azetidine  ring,  it  may  also  hinder  other 
reaction  such  as  the  nitrite  displacement.  During  this  program,  wo 
investigated  the  possibility  that  the  less  st.erieally  demanding  isopropyl 
group  might  be  substituted. 

The  reaction  of  isopropy lamirie  with  cpir.hlorohydrin  gave  I -i-propy  1-8- 
hydroxyazotidium  hy d roohloride  in  25-30%  yield.41  This  alcohol  was  con¬ 
verted  to  (lie  mesylate42  in  837.  yield  and  reacted  with  nitrite  to  give  the 
inonoriil.ro  compound  in  2fi%  yield.  Oxidative  nitration  of  the  mononit.ro 
compound  gave  3,3  -dinitro- 1-i- propylazetidine  in  17%  yield.  In  each  case 
the  yield  was  found  to  be  less  than  that  for  the  corresponding  t-  butyl 
derivative.  Nitrolysis  of  tin;  3,3-dinitro  compound  failed  to  give  TNAZ 
under  conditions  used  for  t-butyl  nitrolysis.  'l’his  route  was  not  investi¬ 
gated  further. 
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B.  Experimental 

WARNING:  All  nitro  com  pounds  arc  potentially  thermally  unstable.  TNAZ  is 
shock  sensitive.  Use  appropriate  shielding-  on  reactions  described  below. 

Reaction  nil.. lares  were  analyzed  by  gle:  Column  .'1%  0V-I7  on  G.O.Q. 
80/100;  helium  carrier  gas;  injector  280  “C  Detector  (hot  wire)  300  °C; 
temperature  program  120  ”0  (2  min)  then  increased  at  8  “O/min  to  240  "C. 
Relative  times:  l-t-butyl-3-nitroazetidine,  2  min;  l-t-butyl-3,3-dinitro^.  ',e- 
tidirie,  3.5  rnin;  TNAZ,  5.5  min. 

l-t-Butyl-3-hydroxyazetidinium  Hydrochloride.  To  a  mechanically 
stirred  solution  of  epiehlorohydr in  (750  g,  8.18  mol)  in  hexanes  (bp  70-85 
"(•»  -l  b)  in  a  12  liter  flask,  was  added  t-butylamine  (572  g,  824  mb,  7.84 
mol),  portionwi.se,  over  2  h.  The  solution  was  stirred  for  3  days  at  20-25 
“0.  The  hexanes  were  removed  by  distillation  at  50-60  °0  (30  mm),  and 
the  residual  materials  rodissolved  in  acetonitrile  (2  L)  and  refluxed  for  16 
h.  The  solution  was  cooled  arid  filtered  to  give  550-650  g  of  solid.  The 
filtrate  was  diluted  with  300  mb  of  ether,  cooled  and  filtered  to  give 


another  aO-lOO  g  of  solid.  The  combined  solids  were  washed  with  2  x  150 


nil,  of  t'!lit;r  find  dried  in  viiruu  to  give  730  g  U ;5%)  of  l~/-l>ulyl-8  hydroxy- 
azotidinium  hydrochloride. 

1- t-Butyl-3-inethanesulfony  lazetidine.  Mr!  hauesulforiy  I  chloride  (  439 
g,  3.8  moi)  was  added,  dropwise,  to  a  stirred  mixture  of  triethy lamirie  (723 

g,  7.1  mol)  and  1  -  t-butv  1-3 -hy droxvazet  idiri i i j in  hydrochloride  (574  g,  8.5 
mol)  in  OIRCh  (2  !,)  at  -20  “C.  After  the  addition  was  completed,  the 
s/irriny  was  continued  und  the  temperature  allowed  to  rise  to  23  over  3 

h.  Then,  water  (500  ml.)  was  added  and  the  organic  layer  was  separated, 

washed  with  wafer  (2  x  150  ml.),  dried  (MgSO.|)  and  evaporated  aL  30  °0 
(30mm)  to  give  000  g  (833.)  of  1 -t-but yl-3-methanosulfonylazotidine,  as  a 
crude  oil:  Ml  NMR  5  1.2  (s,  9  II,  Olid;  3.5  (4  II,  (HR);  8.1  (8  II,  OSOaOlhi); 

5.0  (111),  Tin'  crude  oil  was  triturated  with  350  ml,  of  ether,  filtered  and 
evaporated  at  35  “('  (20  mm)  to  give  400  g  (55%)  of  pure  mesylate  suitable 
for  use  in  the  next.  step. 

i-t-Butyl-3-nitroazetidine.  A  solution  of  sodium  nitrite  (1.3  kg,  17.4 
mol)  in  water  (2.1  I.)  was  stirred  with  n  solution  of  1  -t-butyl-3-mothane- 
sulfonylaxetidine  (800  g,  3.8  mol)  in  Freon  113  (2  J.)  at  25  °C  for  04  h. 
The  course  of  the  reaction  was  monitored  hy  Ml  NMR,  The  layers  were 
separated,  anti  the  water  layer  was  extracted  with  OI12OI2  (2  x  100  rrih). 
The  combined  extracts  were  dried  (MgS(M)  and  evaporated  at  30  °C  (30 
min)  to  give  400  g  (05%)  of  essentially  pure  I  -  t-but.y  1-0-nifroazetidirio.  An 
.analytical  sample  was  obtained  by  distillation,  bp  50-52  “0  (0.1  mm):  1R 
0  M h ( :  1  v )  8000  (C-ID,  1550,  14.30  cm'1  (NO?);  Ml  NMR  (ODOR)  5  0.95  (s,  9 
11,  Oild,  8.55  (asym  r  1 ,  J-3  Hz,  4  H,  OH2),  4.90  (quint,  J  =  3  Hz,  1  H). 

1- t-Butyl-3,3-dinitroazetidine.  A  mixture  of  I  -  t-hwty  1-3-nifroazet  idine 
(43  g,  0.259  mol)  and  sodium  hydroxide  (11.3  g,  0.275  mol)  in  water  (60  mb) 
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was  stirred  at  25  °0  until  a  homogeneous  solution  formed.  This  solution 
was  cooled  to  5  “('  and  a  chilled  solution  of  sodium  nitrite  (90  g,  l--i  '"r>D 
and  potassium  for ricyanide  (17  g,  0.091  mol)  in  water  (000  ml,),  followed  by 
solid  sodium  persulfate  (87.0  g,  0.369  mol),  was  added.  The  temperature 
rose  to  25  °C  after  15  min  and  the  mixture  was  stirred  for  1  h,  and  then 
was  extracted  with  ClhCh  (3  x  150  mb).  The  combined  extracts  were 

dried  (M.itSOi)  and  the  solvent  evaporated  to  give  39.1  g  (70  %)  of  1  - t- 
but  v !- 3,3- d i ri i t  roa/.e tidirie.  This  material  was  dissolved  OIDOh  (00  mb)  and 
trifluoroacel.it;  acid  (24  mL)  added,  and  the  precipitate  -as  filtered  and 
dried  in  vacuo  to  give  50  g  of  1  -  b-bu  ty  1-3,3-dirdtroazot  idinium  trifluoro- 
aeetato,  nip  150  "0  dec..  NMR  of  free  amine;:  0  1.0  (s,  9  1!)  arid  4.2  (s,  4 

ID;  sail:  S  1.5  (k,  9  H)  and  4.2  (s,  4  II). 

1 ,3,3-Trinitroazetidine  (TNAZ).  A  solution  of  t.rifluoroarot.ic  anhydride 
(150  g,  100  mb,  0.71  mol)  in  CH2CI2  (150  mb)  was  cooled  to  -10  °C,  and 
100%  nitric  acid  (45  g,  30  mb,  0.71  mol)  was  added,  dropwise,  over  10  111  i rt 
at  a  rate  such  that  reaction  temperature  did  not  exceed  -5  °C.  This 

solution  was  stirred  for  10  min  and  solid  1-t-but.yl-3,3-dinitronz<;tidinium 
trif luoroaeotato  (31.7  g,  0.1  mol)  was  added,  portionwiso,  over  20  min.  The 
mixture  was  stirred  for  2  h  at  -5  °0,  and  then  filtered  to  remove  ap¬ 
proximately  6  g  of  pure  TNAZ.  The  reaction  mixture  then  was  diluted 
cautiously  with  water  (300  mb).  The  organic  layer  was  washed  with  water 
(2  x  100  mb)  and  5%  aqueous  sodium  carbonate  (50  mb),  dried  (mgSOi),  and 
evaporated  to  give  I  1.6  g  (for  total  of  17.6  g,  98%)  of  essentially  pure 
1 ,3,3-trinitroazetidine,  mp  95-97  ”0.  An  analytical  sample  was  prepared  by 
recr  y  stall  izalion  from  OII2CI2,  mp  101  °C:  IK  (OII2OI2):  3050  (0-11),  1580, 
1420  (NO2)  cm'1;  NMR  (Ol)OD):  d  5.2  (s)  ppm. 
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l-Isopropyl-3-nitroazetidine.  A  solution  of  sodium  nitrite  (11!)  g,  1.0 


mol)  in  water  (J80  ml,)  was  added  to  a  solution  of  1  -isopropyl  -3-methane- 
sulfony  lazetiuirio  (120  g,  0.72  mol)'12  in  methanol  (32M  ml,/,  and  then  phloro- 
glueinol  dihydrate  (ho  g)  was  added.  The  mixture  was  stirred  at  25  “(J  for 
25  h  and  them  was  extracted  with  other.  The  organic  layer  was  dried 
(MgSOi),  and  evaporated  to  give  25  g  (26%)  of  l-isnpropyl-3- nitroazetidine 
as  dark  brown  crude  oil.  Ml  NMli  <)  (ODCh)  0.9- 1.0  (d,  J  z  7  11/,,  6  11), 
2. 2-2. 9  (in,  1  H),  3. 5-3. 8  (d,  4  H),  4. 9-5.0  (t,  1  II). 

l-Isopropyl-3,3-dinitroazetidine.  A  mixture  of  l-isopropyl-3-nil.ro- 
azetidine  (22  g,  0.14  mo!)  and  sodium  hydroxide  (0.4  g,  0.15  mol)  in  water 
(70  mi.)  was  stirred  at  25  °(‘  until  a  elear  solution  formed.  This  solution 
was  cooled  to  5  "C  and  a  chilled  solution  of  sodium  nitrite  (47  g,  0.6  mol) 
and  potassium  ferricyanide  (8.8  g,  0.03  mol)  in  water  (340  ml,)  was  added 
followed  by  solid  sodium  persulfate.  The  temperature  rose  to  35  °C  after 
1:3  min  arid  the  mixture  was  stirred  for  !  h.  The  reaction  mixture  was  ex¬ 
tracted  with  methylene  chloride  (3  x  150  ml),  dried  (MgSCh)  and  con¬ 
centrated  to  give  5  g  (17%)  of  1  -isopropyl-3, 3-dinit  roazetid inn  as  a  light 
brown  oil:  Ml  N MU  S  (CDCh)  0.9- 1.0  (d,  6  11),  2.2-2 .8  (in,  JH),  3.9  (s,  4 
11).  'This  material  was  dissolved  in  ether  (100  mb)  and  trifluoroncetie  acid 
(J 4  ml,)  was  added.  The  precipitate  was  filtered  and  dried  in  vacuo  to  give 
1  -isopropyl-3, 3-dinitroa/.etidiniuni  t.rifluoroneetate  as  yellow  solid. 


IV.  FLUORONITRO  POLYMERS 
A.  Discussion 

Kluori  noted  polymers  wit  i  i  nilro  su !  >sf  il  ii*mi  i  s  are  needed  fur  use  ns 
hinders  for  pyrotechnic  applications.  Ideally,  such  a  binder  would  contain  a 
nigh  percent,  of  fluorine,  and  no  hydrogen  since  hydrogen  degrades  tile 
performance  of  flares.  The  binder  should  be  stable  thermally  and  must,  be 
chemically  compatible  with  reactive  metals. 

The  ideal  monomer  system  would  contain  gom-dinitro  functionality  next 
to  difluoromet  h  v  lene  groups  and  those  groupings  would  he  separated  by  a 
single  methylene  group  from  the  functionality  used  to  link  the  monomeric 
.sections  (e.g.  isocyanate  or  hydroxyl).  Thus,  chemically  stable  systems  with 
minimum  hydrogen  content  could  be  obtained.  Unfortunately,  no  practical 
route's  have  been  reported  to  compounds  containing  the  adjacent  gem- 
dinitro-ge/ji-difluoro  structure. *  As  a  result,  we  have  investigated  the 
synthesis  of  more  accessible  monomers  containing  gem-d initro  groups  and 
gem-difluoro  groups  with  one  intervening  methylene  group. 

NCR  NO* 

!  1 

—  -0H*-C-(Ul2-(C]'T)„-Clh-0-Cll2-~ - 

I  ; 

NO2  NO* 

A  synthetic  entry  to  this  system  was  described  in  a  previous  interim 
report.1  The  rear!  ion  of  «,o>-diif>dnp(;rfluoroalkane.s  with  ethylene  gives  the 
corresponding  ethylene  insertion  products  which  are  reacted  further  with 
nil  rile  ion  lo  afford  the  »,u)-bis(  ri  ifroet  hv  I )  per  f  luoroal  kanes. 

j_(0|.2jn_l  +  Olt^Ull*  - >  I-CIhOlMOIOlnOIbCIb-l  n  =  -1,  h,  H 

[-(’lLOllz(O!'’2)nOlL0lh-l  +  NaN()2  - >  OtN-(:ib.Clh{0b't)aClhCIU-NO2 
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The  ethylene;  insertion  reaction  is  essentially  quantitative.  Previously, 
the  nitrite  displacement  reaction  was  conducted  in  l)MK  and  yields  of  20- 
4 0%  were  obtained.  Yields  of  the  dinit  ro  compounds  were  improved  to  10- 


o 

ms 


005:  by  using  DMSO  as  the  solvent.  The*  remainder  of  the  starting  diiodides 
were  converted  through  intermediate  nitrite  esters  to  alcohols.  Attempts  t.o 
improve  the  nitro-nitrite  ratio  by  the  use  of  nitrite-saturated  Amberlite 
ih'A— 900  rosin  were  unsuccessful.  Attempts  to  improve*  yields  by  eori vert  irig 
the  alcohols  to  the  corresponding  mono  and  ditosyiatos  and  reacting  them 
v.  ith  sodium  nitrite,  were  also  unsuccessful. 

The  intervening  methylene  group  of  this  series  allowed  oxidative 
nitration  to  proceed,  although  under  very  limited  conditions.  Standard 
furricvanide-porsulfate  procedures  which  wo  had  found  satisfactory  with,  the 
mouoriitro  model  systems,  failed  for  the  ^,o-dinitro  compounds.  Kaplan- 
Sheehtor  silver  nitrate- sodium  nitrite  procedures  failed  in  all  cases. 
Reaction  of  the  opoj-dinitro  compounds  with  sodium  carbonate  and  t.et  ra¬ 
ni!  romethane  over  18-30  hours  gave  good  yields  of  the  a ,«,<»>, u-tolranit.ro 
di sodium  salts.  The  intermediate  salts  were  isolated  by  filtration,  arid 
careful  acidification  with  hydrochloric  acid  gave  the  corresponding  t.otra- 


nit.ro  compounds,  1 , 1 ,8,8-tetrani  tro-1  H,2H,2H,7H,7U,8H-perfluorooctane  and 
i,l,10,l  O-tetranitro- 1 H,  211, 2H,9H,  911,1  OH-perfluorodec.anc.  These  terminal 

gem-di nit.ro  compounds  were  difficult  to  purify.  The  proton  NMR  of  these* 
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1 1  Iranitro  compounds  showed  protons  on  carbon  bearing  two  nit.ro  groups 
near  o  7.0.  In  nootono-d(>,  the  tel  rariil  ro  octane  ( ri  -  1)  consistent  ly 
showed  about  half  the  expect  proton  absorbency,  perhaps  indicating  nitronic 
acid  formation.  In  acetonitrile-dll  the  spectrum  was  normal. 
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The  tet.ranit.ro  dixodiuru  salts  were  reacted  with  aqueous  formaldehyde 
t,(j  ^ive  the  corresponding  diols,  2, 2, 9,9- t.etranitro- 1  H,  1  H,.?H,.iH,8H,8Il,  1 OH,- 
lOH-perflnorodeeane-  1,10-diol  and  2,2,1  1,1  l-telranil.ro-  111,1  H  ,3 II ,  31 1 , 1 0 1 1 ,  J  0 1  i  ,- 
12H,12H-perfluorododecane-l ,  12-diol,  in  yields  of  75  and  55%,  respectively, 
based  on  the  starting  ar, erdinii.ro  compounds.  These  t.etranitro  diols  are 
highly  crystalline  and  stable. 


NO.- 
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TNM 
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1 

NClbCIb  (CIO 

}  a,  Oil.  •  (.11  NOa 
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CO Ha (Cl 

■V  inCUaC  2N; 
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NO. 
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NO. 
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NO.; 

■CClb  (OF,: 
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H  -CCHa  (CFa  )„ OHaCH 
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NO.: 
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NO. 

CHaO 
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'  CO  Hr  (C  Fa 

)  n  CM?  C 

. . .  > 

HOCllaOOHa  ( CT 

alnOIIaCCHaOH 
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NO.- 

NOa 

NO:- 

NOa 

n  -  4, 

55% 

ii  8 , 

75% 

Similar  ^em-dinitro  compounds  were  also  prepared  from  1-nit.ro- 
1  H,  1 11,211, 2H-perfluorooetane  and  dodecane  in  88%  arid  50%  yields, 
respectively.  Pormylat.ion  of  these  dinit.ro  compounds  gave  the  correspond¬ 
ing  alcohols  in  55%  and  51%. 
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TNM 

(’)•’:<  ( CF;  ),.CJbCH2N02  - > 

NaaCO; 


OF;  (CY?  )„CII,-C 

NO;: 


NO.;  NO; 

:  1 

CFi  (OF.?  )nOH.;C“  +  CH.-'O - >  OF .  (CK.:  )„OM.;C  CII.;OH 

■  1 

NO.-  NO.; 

n- 5,  55% 
n-9,  51 


The  reaction  of  L,  1,4,4-tetran  it  robutane,1-3  or  its  formaldehyde 
adduct,  with  two  moles  of  methyl  acrylate  is  the  synthetic  route  to  the 
polynit.ro  diacid,  diamine  and  diisocyanate.  The  fluorine-containing 
ietranit.ro  di sodium  salts  prepared  here,  are  a  potential  source  of 
similar  compounds  containing  a  central  po 1 y f Luoromethylene  block.  There¬ 
fore,  we  investigated  the  Michael  reactions  of  these  salts  with  methyl 
acrylate. 

NO;  NO;  NO;  NO; 

1  f  Base  1  J 

KOCH;  (CK?.  )nCJfc»CH  - >  Me00CCH2CH;CCH;.(CF2)nCH;CCH;CH;C00Me 

:  :  CIL?  CHCOOMe  I  I 

NO;  NO;;  NO;  NO; 

n=4,  43% 
n=6,  16% 

The  presence  of  fluorine  appears  to  deactivate  Lho  tetranitro  salts 
toward  additions.  Methyl  acrylate  reacted  with  J  ,1 ,8,8-tetrnnitro- 1 
2H,7Hl7H,8H-perfluorooctane  to  .give  the  bis-acrylate  addition  product, 
dimethyl  6,6,7,7,8,8,h,9-octufJuoro-4,4, 1  1 ,  J  J  -  l.ol.rnnit  roLetjvidecariodioat.e,  in 
low  yiedd  under  most  conditions.  The  best  results  were  obtained  by 
reacting  the  diriitro  compounds  with  excess  methyl  acrylate  using  ] 


Table  7.  Conversion  of  Tetranit.ro  Compound  (n  =  4)  to  Diester 


RUN 

MOLE  RATIO1 

SOLVENT 

BASEb 

TIME 

TEMP  °C 

YIELD  % 

1 

1:5 

90%  MeOH 
10%  Hp.O 

NaOH 

(0.5) 

12  h 

50-55 

0 

2 

1:3.3 

90%  MeOH 
10%  H20 

NaOH 

(4.3) 

20  h 

50 

13 

3 

1:5 

1—  ' £ 

O  O 

kF  ? 

0  0 

NaOH 

(1.9) 

0  h 

50 

17 

4 

1:5 

90%  MeOH 
10%  H2O 

NaOH 

(0.5) 

66  h 

70 

5 

5 

1:2 

THF 

BuLi 

(2.0) 

2  h 

-70 

0 

6 

1:10 

CHaCN 

KFC 

(.3) 

22  h 

25 

0 

7 

1:5 

ClbCN 

DBU 

(1.0) 

18  h 

50 

0 

8 

1:5 

85%  THF 
15%  HzO 

TRITON  B 
(5.0) 

16  h 

70 

9 

9 

1:5 

DMF 

KF 

(0.5) 

66  h 

70 

8 

10 

1:10 

80%  Dioxane 
20%  HaO 

Triton  B 
(1.0) 

20  h 

60 
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a.  Mole  ratio  tetranit.ro  compound: methyl  acrylate 

b.  equivlents  of  base  per  equivalent  of  tetranitro  compound. 

c.  Bu<u\'Cl  used  as  phase;  transfer  catalyst 


equivalent  of  Triton  B44  in  80%  aqueous  dioxane  at  60  °C  for  20  hours; 
under  these  conditions,  the  isolated  yield  of  the  diadduct  was  45%.  In  85% 
aqueous  THF,  the  yield  dropped  to  9%  using  the  same  catalyst.  Other  bases 
were  examined.  The  reagent  used  for  the  tetranitrobutane  ester  prepara¬ 
tion,  sodium  hydroxide  in  aqueous  methanol,  gave  a  17%  yield  in  this 
system.  Attempted  low  temperature  reactions  involving  deprotonation  with 
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butyl  lithium  failed  to  give  adducts.  The  use  of  anhydrous  potassium 
fluoride  in  DMK,  or  the  hydrate  in  ace  to  litrile45  gave  low  yields.  Similar¬ 
ly,  DBU  was  ineffective  in  catalyzing  this  reaction.  The  effect  of  reaction 
conditions  is  summarized  in  Table  7. 

Similar  difficulties  were  encountered  in  the  conversion  of  1,1,10,10- 
tetranitro-lH,2H,2H,9H,9H,10H-perfluorodecane  to  the  corresponding  bis- 
Michael  adduct,  dimethyl  6,6,7,7,8,8,9,9,10,10,1 1 ,1 1-dodecafluoro- 
4,4,13,13-tetranitrohexadecanedioate,  where  the  best  yield  obtained  was  17%. 

An  alternative  approach  to  the'  synthesis  of  these  adducts  was 
investigated  in  which  the  Michael  reaction  of  methyl  acrylate  with  the  «,«- 
dinitro  compounds  is  followed  by  oxidative  nitration.  As  expected,  1,8- 
dinitro-lH,lH,2H,2H,7H,7H,8H,8H-perfluorooetane  reacted  with  two  equival¬ 
ents  of  methyl  acrylate  in  the  presence  of  DBU  to  give  the  symmetric 
diadduct,  dimethyl  4,1 1  -dinitro-6,6,7,7,8,8,9,9-oetnfluorotetradecanedioate,  in 
.37%  yield.  A  similar  reaction  in  the  presenco  of  excess  methyl  acrylate 
gave  the  tetra-adduct,  dimethyl  4,ll-bis(2-methoxyoarboxyethyl)-4,]  1-di- 
nitro-6,6,7,7,8,8,9,9-octafluorotetradecanedioate.  Attempted  oxidative  nitra¬ 
tions  of  the  symmetric  diadduct  were  unsuccessful  under  a  variety  of  stan¬ 
dard  conditions. 

Base 

O2  NCHa  CH2  ( CF2  ) n CH2  CHz  NO’  +  CHa=CHC00Me  - > 

Ox.  Nit. 

MeOOCClbCHzCHCHz  (CF2  InCHzCHCIUCHzCOOMe  - X-  -> 

I  I 

NO?  NO2 

NO?  N0Z 

I 

MeOOCCH?  Clb.  CCHz  ( CVz  ) n  CHz CCllp  Clip  COOMe 
I  ( 

NO?  NO? 
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B.  Experimental 

1-Nitro-l  H,  1  H,2Il,2H-perf  luorooctane. 


A  solution 


of 


1  -iodo- 


1 11, 1  H,2H,2H-perfluorooctane  (IG.5  g,  34. 8  nunol),  sodium  nitrite  (G.O  g,  87 
in  mot )  and  urea  (9.9  g,  98  mmol)  in  DMB  (390  mi.)  was  stirred  at  ea.  0  (- 

for  p.  Phloroglucinol  monohydrate  (7.0  <r ,  19  mmol)  was  added  and  the 

mixture  was  stirred  at  room  temperature  for  an  additional  I  8  h.  1  he 
reaction  mixture  was  diluted  with  diethyl  other  and  poured  over  crushed  ice 
and  water.  The  organic:  layer  was  separated  arid  the  aqueous  layer  was 
extracted  with  diethyl  ether  (3x).  The  combined  ethereal  layers  were 
washed  with  water,  sodium  sulfite,  water  (Xx),  and  brine  (2x),  dried,  filtered 
and  evaporated  under  reduced  pressure  to  give  10.7  g  of  a  brown  oil.  1  he 
oil  was  impregnated  on  silica  gel  and  chromatographed  over  silica  gel  (90% 
<1  ieh  loromet.  hane/ hexane )  to  give  3.7  g  (87%)  of  1 -nit.ro- 1H,  1H, 211, 2H- 
pnf  luorooctane  as  a  white  solid:  rup  27-29  IN  (CII2CI2)  2970,  1550  and 
1100-1300  cur1:  J,l  NMR  (Cl)Cl.i)  6  2. 8-3. 4  (m,  2  II),  4.90  (t,  J  =  7  Hz,  2 

il);  lyP  NMR  (Ereori  113)  0  80.4  (3  E),  111.8  (2  K),  120.0  (8  F),  and  123. 6  (2 

i  ■' 1  . 


Anal.  ( 

alee 

!  for 

iTltiEciNKh:  C, 

21.44;  II, 

1.02;  N,  3.98 

;  F,  82.83 

!  t  i  •  '  1 

24.7t 

>;  ii, 

1.07;  N,  1.01;  1 

82.88. 

l,l,8,8-Tetranitro-]H,2H,2H,7H,7H,8H-perfluorooctane.  A  mixture  of 
l,K-dmitro-)ll,!II,2li.::H,7H,7ll,8H,8H-porfluoroo<  lane  (0.73  g,  2.1  nunol)  and 
1  o  t  as  s  1  u  111  r.srhi  .nalc  (1.3  v.,  9.8  mmol)  in  methanol  was  stirred  at  room 

tempera!  are  fo"  20  min.  Tetranitromethuno  (3.2  g,  18.3  rnmol)  was  added 
,,\  ,  r  ;o  imp  .-no  the  mixliire  was  stirred  at  room  temperature  for  38  h. 
1  i  i .  ■  reaction  mixture  was  diluted  with  d  ieh  lominothane  (400  ml,),  filtered, 

.')!) 


iV.V.V.VJ^V.  s  *  -*  .  -  ./«;  •. 


and  the  solid  wash. at  with  d ieh loroinethain T f > < •  yellow  .solid  was  dissolved 


in  water  (ca.  200  ml .),  cooled  (on.  5  "C),  and  aeidified  wiUi  (old  10%  HCI. 


The  aqueous  layer  was  extracted  with  di.dhy!  ether  (it  x  100  ml.)  ami  the 


e.i  unbilled  ethereal  layers  were  washed  with  water  (0  »c  200  ml.),  dried 


(MgSOi),  filtered  and  evaporated  under  reduced  pressure  to  give  a  light 


grown  solid  (0.77  g).  Keerystallization  of  the  crude  product,  from  diethyl 


et  her/ hexane  guv  ;  0.03  g  (08%)  of  ! , !  ,8,8-tetranitro- 1  H,2H,2H,7Hf7H,811- 


perfluoro  octane  as  a  beige  solid:  mp  101-100  (from  dichloromethane/ 


I,, j|?  (CJhCh)  1 09: .  mr1;  Ml  NMIf  (acetone- <1,0  6  7.48  (t,  -  8  Hz, 


iar-1.7  II),  3.88  (in,  4  II);  'll  NMIf  (acelonil  idle  -  IKlOta)  b  7..0  (t,  J  =  8  Hz,  2 


jig  ( m ,  4  II)  |,JP  MM  If  (acetone-d.-,)  o  107.7  (in,  2  !•’),  118.1  (m,  2  !•'). 


Anal,  baled  for  v '« I  i(.  >«:  21.03;  in  i.Oh;  M,  I, ..70,  !• ,  34.60. 


Pound:  (.*,  22.08;  ii,  1.38;  N,  12.40;  !•',  33.2  1.  3  •  =  >  n 


l,l,10,H)-Tetranitro-lH,2H,2H,9H,9H,i0H-perfluorodecano.  In  n  manner 


similar  to  that  described  above,  reaction  ol  1 ,  10-dinit.ro-l  H,1  H,2H,2H,9H,9- 


ii,  1 01 1, 1 0ll--per  floored  er.ane  (1.0  g,  2.2  mmol)  with  l.etran  itroinethane  (3.5  g, 


j  V . 8  mmol)  in  methanol  (80  ml.)  in  the  presence  of  potassium  carbonate 


(1.42  g,  10.3  mmol)  gave,  after  recrystalli/.al  ion  from  hexane/et her,  0.60  g 


(:,()%)  of  1 ,1 ,10,  l()-fctr:uii tro-lll, 211, 211,911, 911,1011  -perfluorodecano:  mp  131-133 


•  ;  Mi  MM  If  (acetone-dr.)  $  6.05  (I,  2  If,  .1  =  7  Hz),  3.6  (d  f,  4  H,  J  =  7,  17 


l!/.):  ‘‘‘P  N ,V! If  0  121.6  (m,  4  F),  120  (m,  4  F).  110.4  (in,  4  P);  IK  (neat) 


30,n0.  i  505,  I  I  00,  1  I  50  cm"1. 


Anal,  baled  for  ( MolloPi *N,Ok:  b,  22.32;  II,  1.12;  P,  42.36.  Pound:  C, 


23.02;  II,  1.40;  P,  12.63. 


1 , 1-Diriitro- 1  II,2H,2H-perfluorooct.ane.  In  a  manner  similar  to  that 


<i.-srrib*  d  above,  reaction  of  I -ni tro-  1  H,  1 11 ,21 1 ,211-porf luorooctane  (l.n  g,  3.8 


V „  »  -  .  - C»  .  » t  >  P."- .  ■  .V  .>  .  -  . Yi.  WV  .V «> .> ■> ,">■ 


mm 


g 


mmol)  with  letran itrome  thane  (3.1  g,  15.8  mmol)  in  methanol  ( -1  f>  ml.)  in  the 
presence  oi'  pol  ass;i  t;  m  car  bona  I  e  (I.)  0.7  mmol)  allot'  roc  r  y  sl.a  1 1  i- 

zat.ion  from  hovin. -/ether,  o.OO  r  (30%)  of  ! ,  1  -ilinit.ro- 1  llf2H,2H-pertiuoro- 
oclane:  mp  70-i'I.3  1 1  v  ((  !b('b)  .  %  ( 1  ( 1 1 1 ,  i ; » t  M ) .  and  1100-1250  cm"1;  HI 

\’iMK  ( ;no l.o! u  — th.)  d  i>.9(>  (t,  .1  -  (I  II/,  I  II)  and  3.53  (dl,  .1  -  10  arid  f>  Hz, 
3  II). 

Anal,  t 'nlc.d  for  (MI-.l-'uNsth:  C,  21.93;  II,  (U>9;  N,  0.39;  K,  50.37. 

Analysis  pending. 

2,2,9,9-To  trail  itro- 11-1,1  H, 311, 3H,8H, 811,1 011,1  OH- perfluorodecane-1 ,10-diol. 

A  solution  of  1 ,8  (I  i  n  i  fro-  I II ,  1 II  ,211,311 ,7 1 1 ,7 II  ,81 1  ,811-perf  hiorooctane  (2.81  g, 
8.08  mmol)  and  sodium  oarlioualo  (I  I , .  *■,  109  mmol)  in  methanol  (100  inL) 

was  stirred  at  room  I  oniporaturo  for  I  f>  min.  Totrariitromethnrie  (12.0  g, 
00./  Hanoi)  was  adoud  to  the  im.-t  hariol  solution,  dropwi.se,  and  the  mixture 
was  stirred  at  room  temperature  for  18  h.  i  he  mixture  was  diluted  with 
1  tl'.-t'l,:  (:,()()  ml,),  tillered  and  Ilia  yellow  prei  ipilale  washed  with  OH2OI2  (2 
•n  100  ml,).  The  solid  was  dissolved  in  methanol  (40  ml,)  and  37  %  aqueous 
formaldehyde  (25  ml,)  was  added,  and  the  solution  was  stirred  aL  room 
temperature  lor  2  h.  Then,  th«r  solution  was  brought  to  pH  6  by  the  slow 

addition  c'l  glacial  acetic  acid,  and  diluted  with  water  (100  rriL).  This 

mix!  urn  was  ext  raided  with  ether  (2  x  100  mb)  and  the  combined  extracts 
were  washed  with  water  (2  >:  50  mb),  dried  (MgSO«),  and  concentrated  to 
give  a  v e| low  solid.  I'he  solid  was  rocrystallized  (other/hexane)  to  give  2.41 
••  <55*/  )  <>f  2,2,9,:)  le!  rani  I  ro  - 1 II,  1 11,311,311,811,811, 1  OH,  1 011-perfluorodeoane- 

1  •!(>- dml  as  a  while  solid:  mp  114-0  "C:  ’ll  NMK  (acetone-ds)  <5  4.53  (s,  4 

'A,  ■2  75  ft,  ",  II,  ,1  -  18  Hz);  >»!•'  NMK  o  121.2  (in,  4  K),  110.8  (m,  4  F);  IK 

!  n  al  )  1  573.  )  i  20,  i  I  20  cm1. 


‘<T*. 


Anal,  i'alrd.  tor  Cioiiu>N«F'f.Oi<i:  <7,  21.11;  11.  2.02;  N,  1  1.20;  F,  80.5 ! , 
Found:  0,  24.32;  II,  2.08;  N,  11.70;  !■’,  80. f>0. 

2, 2, 0,9- To  Irani  l.ru-- 1  H ,  1  H  ,211,21 1, 8 11,8  H ,  loll,  Kill-  perfluorodecaiK.*-  1 ,  1 0-dioj 
was  also  prepared  from  1 , 1  ,8,8-tetran it. i*n  I  ll,2ll.2l!,7!l,7ll,8Il-perfluorooctane 
ami  aqueous  87%  formaldehyde,  (80%.):  mp  i  20  1.82 

2,2, 1 1 , 1 1-Tetrani  tro- 1 H,  1  H,3H,3H ,  1  Oil,  1  OH,  1 2H,  1 2H-perfluorododeoane- 
1,12-diol.  A  solution  o  f  1 ,  1 0-  Rind  ro-  1 II,  1 11,211,211,011,91 1, 1  Oil,  I  Oil-  porfjuoro- 
.l.vano  12  02  a'.  8. OH  mmol)  and  sodium  carbonate  (11.5  w,  108  mrnol)  in 
mot  imnol  (Ia0  ud.)  was;  stirred  at  room  temperature  for  I  5  min.  Tetranifro- 
uiot  bane  (12.0  if,  00.7  mmol)  was  added  l.o  t.ho  methanol  solution,  dropwise, 
and  the  mixture  was  stirred  at  room  temporal  urn  for  18  h.  The  mixture 
was  diluted  with  CIROR  (500  mi..),  filtered  and  the  yellow  precipitate 
washed  with  OlbOha  (2  x  100  ml,).  The  solid  was  dissolved  in  methanol  (40 
mU  and  37  %  aqueous  formaldehyde  (25  ml,)  was  added,  and  the  solution 
was  slirred  at  room  temperature  for  2  ti.  Then,  the  solution  was  brought 
to  [01  (i  by  the  slow  addition  of  glacial  acetic  acid,  and  diluted  with  water 
(100  (id,).  This  mixture  ..as  extracted  with  ether  (2  x  100  nil,)  and  the 
combined  extracts  were  washed  with  water  (2  x  50  ml,),  dried  (MgSCR),  and 
eotire >it  rated  0’  i>ive  a  yellow  solid.  The  solid  was  roerystalli/.ed  (other  / 
0'"<ane)  to  wive  8. Of.  (75%)  of  2,2,1  I ,  I  1  -tot rauil. ro- 1 II,  1  H,3H,3H,  1  OH,  1  0H,~ 

1 211, 1 2II-perflin»,()cio(ti:can<:-  1 ,  1 2-  diol  as  a  white  solid:  mp  152-4  °0;  ’ll 

NMlv  (a.elone-df,):  ,3  1.00  (s,  1  II),  3. 55  (I,  4  II,  ,J  r  17  II/.);  1  ••»!«’  NMR:  0 
'21.3  (in,  1  F),  110.0  (in,  4  K),  110.8  (m,  4  F);  1R  (thin  film):  3460,  1575, 

!  121,  .sir  1 . 

Anal.  ( ’a led  f.„-  ( ■  jziljoFjjrNUOir,:  C,  24.09;  li,  1.69;  F,  88.11;  N,  9.37. 
I'ouiid:  1’,  24. an;  II.  1.81;  F,  37.81;  N,  8.79. 


2,2-Dinilro-  1 -  hydroxy  - 1  H,  1  11,311,311-  ourfluuronormiui. 


Potassium 


larboiial!'  (7  my,  0.0a  mmol)  was  added  a  Hniiilmn  of  1  , 1  -d  ini  t.ro—  1  H  ,21 1  ,- 
Oli-ljiM  fluoriuK  lain  (NO  m<;,  II. 2a  mmol)  and  077.1  aqueous  formaldeh yde  (2 
ml,!  in  methanol  (5  ml.)  and  the  mixture  was  stirred  al,  room  temperature 
|\,r  2  0.  The  riaii  lion  mix!  on  was  concent  rated  under  reduced  pressure, 
diluted  with  water,  and  extracted  with  diethyl  ether  (Ox).  'I  ho  combined 
ethereal  lasers  were  washed  wilii  water  and  brine  (2.x),  dried,  filtered,  arid 
evaporated  under  reduced  pressure  to  a  i  ve  a  semi-sol  id  residue.  The  residue 
was  triturated  with  d  ieldoromet  hane/lio.\ane,  cooled  and  filtered  to  give  65 
mu;  (55%)  of  2,2-dinitro-J ,-hydroxy-l  fl,  1  H,3H,3H-perfluorononane:  mp  91-92 
i  ;  Hr  (iiilvCh)  3550,  00i>0,  1590  anil  !  I  fit)  - 1 250  eur';  Ml  NMR  (acetone- 

'  i>. ;  5.3d  (m,  exchanges  with  !):•<>),  i.00  (s.  2  II)  and  0.(10  (t,  ,J  =  17  Hz,  1 

li>. 

Anal.  Male, I  for  ( M, I lr ,!•' i :.N sC)f » :  ('.  20.09;  it,  1.08;  N,  5.98;  K,  52.76 
!  .  m i r n t :  submit  ted  for  analysis. 

2,2-  Dini  t.ro- 1  -hydroxy-lH,lH,3H,3H-perfluorotrideoane.  Potassium 

earimriale  (0.52  u ,  3.H  mmol)  was  added  to  a  solution  of  l.-nitro- 

i  I ! ,  I  i  1 ,2 1 1 ,2 1 1  -  per  f  I  uon  idodeeane  (1.0  i(,  1.7  mmol)  in  Till*’  (10  ml.)  arid 

methanol  (02  ml.).  Altar  00  min,  TNM  (1.0  v) ,  6.5  mmol)  was  added 

•  l  >i'w  <i\  i  r  I.-  min.  and  the  mixture  was  stirred  at.  room  temperature  for 

MJ.  in  ’1  he  reaction  mixture  was  diluted  with  dich Ioromethane  (200  ml.), 

iillered,  and  I  lie  solid  washed  with  d  ieh  li  ■.minrllmnc.  The  yellow  solid  was 

suspend'1. i  in  a  solution  of  aqueous  07%  formaldehyde  (15  ml,)  and  methanol 
1  'i  mi.),  and  I  lie  mixture  was  stirred  al  room  temperature  for  1  d.  The 

'•■■action  mixture  was  acidified  with  glacial  acetic,  acid  and  extracted  with 
dieltiy1  cl  tier  (Ox).  The  combined  ethi  real  layers  were  washed  with  water 


and  brine,  dried,  filtered  and  cvapunil  <  -<i  unde/'  red  need  pressure  t.o  give  a 
yell,  a.'  Swlid.  Koerystalli/.ation  of  tdiis  solid  f /-•  jui  chloroform  gave  0.58  g 

of  2,2-diriit  i'd-  1  hydroxy-  1  II,  1  ll,3H,3i!  perf  luorol  r i decani;:  nip  124.5-125 
IK  (thin  film)  3n50,  8050,  1500  and  1  100-1300  <:m~l;  1H  NMR  (acetone- 
dc, )  0  5.59  (in,  exchanges  with  IhO,  1  II),  4.03  (s,  II)  and  9.82  (t.,  .1  =17 
11/.,  2  II). 

Anal.  (  . 'aled  ini'  i'i  i.'';:iif'.Or>N.:?:  29. 85;  I!,  0.75;  \,  4.19 

round:  0.  25.91;  H,  0.58;  N,  4.30. 

Dimethyl  6,6,7,7,8,8,9,9-Ootafluoro-4,4,  l 1,11  -tetranitrotetradeoanedioate. 

•\  solution  of  methyl  acrylate  (1.1  a',  12.8  mmol)  in  8:1  dioxane/water  (17 
ml.)  was  added  out  15  min  to  .a  solution  of  1 , 1 ,8.8  lei  rauitro- 1 11,211,211,711,- 
"II.OH-perfiuorooet.anr  ( J  .0  g ,  2.3  mmol)  and  Triton-M  (1.0  tub)  in  5:1 

dti  >>:ano/ water  (77  mi.)  at.  00  Alter  21  h  at  00  ”(;,  a  second  portion  of 

methyl  acrylate  (0.8  g,  9.3  mmol),  dissolved  in  dioxnnn  (8  mb),  was  added 
and  Die  mixture  was  stirred  at.  00  '(  for  an  additional  0  h  and  at.  room 

temperature  for  2  d.  The  mixture  was  diluted  with  dichloromethane  and 
1'oured  over  crushed  ire,  water  and  cone.  IKd  (3  mb).  The  organic,  layer 
was  separated  and  the  aqueous  layer  was  extracted  wit.h  dichloromethane. 
The  combined  organic  layers  were  washed  with  water  (2x),  10%  aqueous 
sodium  earbonnte  (2\),  and  brine  (2x),  dried,  filtered  and  evaporated  under 
reduced  pressure  to  give  a  brown  semi  solid.  The  residue  was  triturated 
with  diethyl  ether,  cooled  and  f  D.eretl  to  give  0.00  g  (43%)  of  dimethyl 
0,0 , 1  ,7  ,8,8, 9,9— or  ta I  1  m  iro- 4  ,4 , 1  1 , 1  I  -  tel  rai  i  it  r<  4  e  I  end  ora  nod  ioat.e:  nip  I  32—  I  33  "C 
(ari'tone/water);  IK  (CH2CI2)  2950,  1750,  1500,  and  1100-1300  cm  _1;  'H 
‘  da’  ( ; n  e 1 1 me-di,|  e  4.01  (t,  4  -  I  1  11/.,  4  II),  3.7  1  (s,  0  li),  3.15  (t,  J  =  0 


00 


I  !  IJ  .  ■! 


Anal,  i'.ilni  1. .1  ■  C  •  II,  \-,0;  :  d,  3l.4i<-  II,  I ’.‘t7:  il.  IK;  F,  24.90. 

}■  oiini! :  C.  1  .  27 ;  II,  2 .  94 :  N,  9.  Of'.;  K.  24.72. 

6,6, 7, 7, 8, 8, 9,9-  Octaf  luoro  -4,4,  11,11  tat  rani  t.rotet  radecaneclio  ic 
Acid .  A  solution  a!'  (1  i  met  hy  1  t > ,  I 8 ,  it , , ')  m  1 i i  i  1  ijdi  t.  1,4,11,11  t  a  I.  ra 
nil  ri  >  i  i '  I  rai  lt'i  -."hh 'd  i  ua  1 1  ■  (0.21  p,  0.34  mum  I  t  in  eorireid  cal  ad  hydroeh  I  or  i  a 
arid  if)  ml, I,  water  ml,),  anil  d  invade  ml,)  was  refluxed  for  0  It. 

The  mixture  was  cooled  to  0  ('  and  the  solid  was  filtered,  washed  with 

w.ilar,  and  dried  ;<  diva  0.1:)  j{  aid';.)  of  She  diarid  as  ;tn  oil’  while 
sole!,  He<  tvs  l  a  I  i  i  .-\t !  i  on  from  a  i  ham,  I  jsiva  while  crystals:  mp  187  188 
1  il  i  a  *  alalia  dr  -  3.98  .1,  .1  I H  if  ,  1  Hi,  3.0a  (ill,  4  i| )  ,  2.62 

m  ,  4  Hi:  1 V  NMW  o  !  10  un,  4  f !  ,  120.0  mi,  4  F  - ;  lit  ■  OIM'l  ’ )  2600  2800, 

1  ‘i  dd  .  1  "»7f>  am  ;  . 


Anal.  (  si  lad  for  (d,;  Ih  ilAiNiOi,-:  C,  28. HH,  ii,  2.42;  )',  26.10;  N,  9.62. 
leand.'  !\  2d. 62;  H.  2.62;  F,  20.43:  N,  9.17. 

1)  i mat  hy I  6,6,7,7,8,8,9,9,10,10,11,1 l -Dodecaf luoro-4, 4, 13 , 13-tetra- 
n  i  I  rohexaderaned i oat  a.  A  solid  ion  oi'  I,  I,  Id,  10  tetranitro  1 11, 211 , 211 , 9H , 
d 1 ,  )  ( >  ri  pai  f  I  iiorodaeana  :  1.02  )>, ,  1.90  mmol),  mol  hy  I  acrylate  (1.43  p-,  16.6 

ii,,..!  aid  mat  ham  la  Ti  i  I  on  H  fO.Hti  ml,,  1.9  mmol  )  in  d  i  oxane  (30  ml.)  and 
vat  Id  ml,  mis  haid  ad  al  60  1  6  for  20  h.  The  mixture  was  diluted  with 
.-.  d'u  'dip  ml,  ,  ii  idiliad  with  7.0%  hvdroi  Ii  I  or  i  c  arid,  and  ext  raid  id  with 
na  I  1 1  - i  a  r  ia  ah  I  or  i  da  2  v  ad  ml,  .  Ilia  amiih  i  nad  mat  hy  lane  oh  I  or  i  lie  layers 
via  wished  with  water,  dried  I  me  yin  i  urn  siilfalai,  and  concent  rat  ed .  The 
a  ewn  (••••;  idua  was  rear  ys  t  a  I  I  i  /ad  from  melhaiiol  to  }>'  i  ve  the  0.21  p  (16%) 


. 1 1  ii: <  - 1  a v  I  i , .  i  ■ ,  /  ,  /  ,  id  ,  8 , 9 .  9 ,  10,  10,  I  I  ,  i  I  dodoaa  I" I  uoi  o4 , 4  ,  13,  13  I  at  rani t  ro 


id 


hexadecaned i oa t e .  :  mp  i38.b  I  ill  C ;  ■  !l  NMH  t)  4.04  f  !  ,  .1  I H  II/,  1  II), 

-.>,.12  is,  ti  m,  ;-5 .  10  (m,  4  ID,  2.80  (m,  I  ID:  IK  (CH  CL  I  1750,  1580  cm 

Anal .  Calcil  for  Ciiiili  -Fi.-N,  (),,■:  C,  80.43:  II,  2.5  5;  F,  .'12.  1  I  ;  N, 

7.89.  Found:  (’,  29. 84;  II,  2.57;  K,  28.98;  N,  <>.94. 

Dimethyl  4, 1 l-Dinitro-6, 6, 7 , 7 , 8,8,9, 9- octaf luor  otetradecanedioate. 
A  so  1  lit:  i  on  o  I  1 , 8  d  i  n  i  t  to  111,  1 II ,  dll ,  2 II ,  7H  ,  7  II ,  811 . 8Ii  per  f  1  uorooetane(  0.584 
g,  1.88  mmol),  methyl  acrylate  (0.29  g,  8.1  mmol),  and  1,8  diaxah’u.yclo- 
5 . 4 . 0 .  1  undec  7 -eno  i  0.2(5  g,  1.7  mmol  )  in  acet  on  i  tri  l.o  (50  inL)  was 
s  t  ii  r*'d  at  ambient  t  empernt  nro  for  !0  h.  The  solid  ion  was  il  i  luted  with 
water  (50  ml)  and  i. he  aqueous  layer  was  acidified  with  20  %  MCI  and 
extracted  with  methylene  chloride  (8  x  50  ml).  Tin'  combined  organic 
extracts  wore  washed  with  water  i2  x  9!)  ml),  dried  over  magnesium 

si.  I  fate,  and  eone.'n!  rated.  The  brown  residue  was  chromatographed  on 
silica  gel  with  mcl.hvi one  chloride  to  give-  0.223  g  (37  %)  of  dimethyl 
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